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thI^m^ measuring apparatus using 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
ranging apparatus that can simply obtain the 
position relation or the like among a plurality 
of objects to be measured, and at the same 
time, which does no necessarily require a 
tripod or the like. 

SOLUTION: A transmission and reception 
optical system has a plurality of irradiation 
optical axes 12a to 12d, irradiates light along 
the irradiation optical axes 12a-12d, and 
receives each reflection light, corresponding 
J to each irradiation light. A distance 
ki* ^acquisition section obtains each of distances 
(a) to (d), to each of objects 30a to 30d to be 
measured existing on the extension of each 
of irradiation optical axes 12a to 12d, based 
on each reflected light received by the 
transmission and reception optical system 

inched in a specie reference P^J^TSftSSJE ine^c 
reference plane, and have an angle Interval of neariy 90- each in Se reference 
Plane, when the .nadiation optical axes 12a to 12d are mapped to the reference 




[Claim 1] Are transceiver optical system with two or more exposure opticals axis 
!IS 9 3 ? ,rrad,ated to timin 9 different simultaneous, respectively in accordance 
HHf ^° °* r more u ex P° sure 0 P«cals axis. To coincidence each reflected light 
corresponding to each exposure light irradiated respectively in accordance with 
° P mor * ex P°, sure 0 P«cals axis, respectively Or the transceiver optical 
system received to different timing, The distance acquisition section which 
acquires each distance to each measuring object which exists on extension of 
said each exposure optical axis based on said each reflected light received 
according to said transceiver optical system, respectively, Two or more exposure 
opticals axis of a preparation and said two or more exposure opticals axis are 
! nce h measu ? n ? equipment characterized by fixing mutual relative physical 
relationship so that it may become mutually different sense 
[Claim 2] Distance measuring equipment according to claim 1 characterized bv 
having a means to search for the relative physical relationship between said each 
measuring object, based on each distance to said each measuring object 
obtained by said distance acquisition section. 

[Claim 3] A means to search for said relative physical relationship is distance 

S^SSSS!!? aCC ° rd L ng t0 u C ' aim 2 charact erized by including a means to 
Tind the distance between said each measuring object 

[Claim 4] A means to search for said relative physical relationship is distance 
measuring equipment according to claim 2 or 3 characterized by including a 
means to search for the relative coordinate of each of said measurement 
measunng object. 

[Claim 5] Distance measuring equipment according to claim 1 to 4 characterized 
by having a means to calculate the predetermined value about the configuration 
of two-dimensional [ which was assumed beforehand, respectively, including 
respectively the location of each measuring object corresponding to said each 
exposure optical axis ], or a three dimension based on each distance to said 
each measunng object obtained by said distance acquisition section. 
[Claim 6] Said two or more exposure opticals axis are distance measuring 
equipment according to claim 1 to 5 characterized by the mutual sense including 
too exposure opticals axis which make 90 degrees of abbreviation. 
[Claim 7] Said two or more exposure opticals axis are distance measuring 
equipment according to claim 1 to 5 characterized by the mutual sense including 
too exposure opticals axis which make 1 80 degrees of abbreviation 
[Claim 8] said too or more exposure opticals axis - the inside of a predetermined 
base plane or this predetermined base plane, and abbreviation - the distance 
measunng equipment according to claim 1 to 5 characterized by having include- 
angle spacing of every 90 degrees of abbreviation in said base plane when the 

fn2l . e H°K S f° Ur ex P°! ure °P ticals axis maps said four exposure opticals axis 
m said base plane including four exposure opticals axis included in an parallel flat 



bv to hSJ« f Tl 33 !}™? e ^'P ment according to claim 8 characterized 

the sauare fn^H h *"* V e 0 uivalent to *» die length of each side of 

n 2 k f a ' d base plane w,th the configuration which included four locations 
. . said base plane which mapped the location of the four measuring object? 
corresponding to said four exposure opticals axis in said base plane respectively 
on each side, respectively, and was assumed beforehand based on each Y 
section^ 63 d measuring ot) j ect obtained °y said distance acquisition 

[Claim 1 0] The distance measuring equipment according to claim 8 or 9 

£2? ^ y *? have a means searcn for the relative coordinate of the 

wi?h ho * qui y alen }. to each t0 P- m °st vertices of the square in said base plane 
with the configuration which included four locations in said base plane which 

ex^l the OCati ° n ° f thS fOUP meaSUrina ob j ects corresponding to savour 
exposure opticals ax.s .n said base plane, respectively on each side 

respectively and was assumed beforehand based on each distance to each of 

said measuring object obtained by said distance acquisition section 

[Claim 11] The area equivalent to the area of the square in said base plane with 

toe Son?; tl W f hiCh inC ' Uded f ° Ur ' OCations in said base P' ane which mapped 
onliiJ? f 6 l°H r measur,n 9 objects corresponding to said four exposure 
opticals ax.s .n sa.d base plane, respectively on each side, respectively and was 

S5SSB^£22„ D, !f 1,09 measurin9 equipment according to claim 8 to To 

ITJh ™f y l aV ' ng the means marched for based on each distance to said 

SSTJ m S n"? 9 ° bjeCt ° btained by said distance acquisition section, 
iciaim 12] Distance measuring equipment according to claim 8 to 11 

m5 ? *l S3id confiauration assumed beforehand being a rectangle 
[Claim 1 3] said two or more exposure opticals axis - the inside of a 
Predetermined base plane or this predetermined base plane, and abbreviation - 
with four exposure opticals axis included in an parallel flat surface Two exposure 
opticals axis which make 90 degrees of abbreviation to said base p ^ne 

XJtI Wh " e the , mUtUal S6nse makes 1 80 de 9 r ees of abbreviation' are 
included. The sense of sa.d four exposure opticals axis Distance measurinq 
equipment according to claim 1 to 5 characterized by having includ! angte 

ex^L ont 6 ^ 90 deQreeS ° f ab breviation in said base plane when said four 
exposure opticals axis are mapped in said base plane 

141 D,stan ce measuring equipment according to claim 13 characterized by 
having a means to find the die length equivalent to the die length of each side of 
hexahedron with the configuration which included the location of the six 
measunng objects corresponding to said four exposure opticals axis and said two 
exposure opticals axis on each field, respectively, and was assumed beforehand 

a^Cfsifion^fctfof" 06 t0 "* mM8Urin8 ° bjeCt ° btained * said dista "~ 
[Claim 15] Distance measuring equipment according to claim 13 or 14 

b , y having a means to search for *he relative coordinate of the 
location equivalent to each top-most vertices of hexahedron with the 
configuration which included the location of the six measuring objects 
corresponding to said four exposure opticals axis and said two exposure opticals 



axis on each field, respectively, and was assumed beforehand based on each 
distance to said each measuring object obtained by said distance acquisition 
section. 

[Claim 16] Distance measuring equipment according to claim 13 to 15 
characterized by having a means to ask for the area equivalent to the area of 
each side of hexahedron with the configuration which included the location of the 
six measunng objects corresponding to said four exposure opticals axis and said 
two exposure opticals axis on each field, respectively, and was assumed 
beforehand based on each distance to said each measuring object obtained by 
said distance acquisition section. y 
[Claim 17] Distance measuring equipment according to claim 13 to 16 
charactenzed by having a means to ask for the volume equivalent to the volume 
of hexahedron with the configuration which included the location of the six 
measuring objects corresponding to said four exposure opticals axis and said two 
exposure opticals axis on each field, respectively, and was assumed beforehand 
based on each distance to said each measuring object obtained by said distance 
acquisition section. 

[Claim 18] Distance measuring equipment according to claim 14 to 17 
characterized by said configuration assumed beforehand being a rectanqular 
parallelepiped. 

[Claim 19] Said two or more exposure opticals axis include at least one exposure 
optical axis in addition to said two or more exposure opticals axis. The sense of 
said at east one exposure optical axis A detection means to be able to change 
relatively to the sense of said two or more exposure opticals axis, and to detect 
the relative sense of said at least one exposure optical axis over either of said 
two or more exposure opticals axis, Or distance measuring equipment according 
to claim 1 to 18 characterized by having an input means to input the data in 
which said relative sense is shown. 

[Claim 20] The indoor metering device which is an indoor metering device which 

performs predetermined measurement about the interior of a room, and is 

charactenzed by having distance measuring equipment according to claim 1 to 
i y. 

[Claim 21] Are transceiver optical system with two or more exposure opticals 
axis, and light is irradiated to timing different simultaneous, respectively in 
accordance with said two or more exposure opticals axis. To coincidence each 
reflected light corresponding to each exposure light irradiated respectively in 
accordance with said two or more exposure opticals axis, respectively Or the 
transceiver optical system received to different timing, The distance acquisition 
section which acquires each distance to each measuring object which exists on 
extension of said each exposure optical axis based on said each reflected light 
received according to said transceiver optical system, respectively, The sense of 
at least one exposure optical axis in a preparation and said two or more 
exposure opticals axis It can change relatively to the sense of other at least one 

one exposure optical axis - said - others - 
the distance measuring equipment characterized by having a detection means to 
detect the relative sense to at least one exposure optical axis, or an input means 



I 



to input the data in which said relative sense is shown. 

[Claim 22] the total station equipped with distance measuring equipment 

Tinodown CU T 21 " ^ ~ 5? W * ° therS - at ,eaSt one °P^al axis - 

t'hf mih ' S , :: S3,d " ° therS ~ the total station characterized by obtaining 

the mach.ne h.gh of the total station concerned based on the distance acquired 
by said distance acquisition section in relation to at least one exposure optical 

3XIS. 

[Claim 23] The total station according to claim 22 characterized by havinq had 
colhmation optical system and said at least one exposure optical axis beino in 
agreement with the optical axis of collimation optical system 9 



DETAILED DESCRIPTION 



[0001] 

[Field of the Invention] This invention relates to the indoor metering device and 
total station (measurement-of-angle range finder) which used this for distance 
measuring equipment and a list. 
[0002] 

[Description of the Prior Art] The total station which has from the former distance 
measuring equipment and this which are explained below in fields, such as a 
location survey, is used. 

[0003] The transceiver optical system which receives the reflected light 
corresponding to the exposure light which this conventional distance measuring 
equipment had only the exposure optical axis of the (a) single, and light, such as 
infrared light, was irradiated in accordance with said exposure optical axis, and 
was irradiated in accordance with said exposure optical axis, (b) Based on the 
reflected light received according to said transceiver optical system, it has the 
distance acquisition section which acquires the distance to the measuring object 
which exists on extension of said exposure optical axis. Although various 
principles of ranging are known, the distance acquisition section finds the 
distance to the measuring object based on time difference with the time of 
luminescence of exposure light, and light-receiving of the reflected light from the 
measuring object, for example. 

[0004] The conventional total station combines such conventional distance 
measuring equipment, and the level include angle of the circumference of the 
vertical axis of an exposure optical axis and the measurement-of-angle 
equipment which measures whenever [ his statement angle-of-depression ] 
(altitude include angle). At a total station, in order to usually use it, carrying in a 
tripod etc., it is necessary to get to know the height (machine high) of the co- 
ordinate basic origin from the ground. At the conventional total station, the 
machine high was measured by the operating personnel with the tape measure 
etc., and the data was inputted by input units, such as a control panel. 
[0005] 

[Problem(s) to be Solved by the Invention] However, at the conventional 
measuring device and the conventional conventional total station which were 
mentioned above, since it had only the single exposure optical axis, when 
searching for the physical relationship between two or more measuring objects 
etc. (for example, distance between two or more measuring objects), it is 
necessary to range by carrying out direction doubling of an exposure optical axis 
for two or more measuring objects of every one by one. For this reason, direction 
doubling of an exposure optical axis cannot take time amount and trouble, and 
physical relationship between two or more measuring objects etc. cannot be 
searched for easily. Moreover, an operating personnel must carry out the 
sequential input of each distance to each measuring object obtained by ranging 



at the arithmetic units (microcomputer etc.) built in the equipment concerned, 
must make an arithmetic unit calculate the physical relationship between two or 
more measuring objects etc., and requires time amount and trouble also from this 
point. Furthermore, in order to perform direction doubling of an exposure optical 
axis, a revolution base, a tripod, etc. are required, and a cost rise is not escaped, 
either, while it enlarges as the whole equipment and weight increases. 
[0006] The example of indoor measurement is given and explained about these 
points. For example, in relation to interiors, such as office and a residence, it may 
be requested that the dimension of indoor each part, a floor space, the area of a 
wall, the volume (volume) of a chamber, etc. should be measured. If these are 
measured, it can begin writing the drawing of a chamber, or can ask for the 
dimension of a required carpet, a curtain, etc., the number of sheets of a tile, etc., 
or selection of the furniture which can be arranged indoors, its layout, etc. can be 
determined, for example. For such indoor measurement, the example using the 
conventional measuring device and the conventional conventional total station 
which were mentioned above is explained with reference to drawing 17 and 
drawing 18 . 

[0007] Drawing 1 7 is the outline perspective view showing typically the situation 
of measurement by the conventional measuring device 111. This measuring 
device 1 1 1 is carried on the tripod 1 1 2 which has a revolution base. The 
transceiver optical system (not shown) built in the measuring device 111 has only 
one exposure optical axis 113. Drawing 18 is the outline perspective view 
showing typically the situation of measurement by the conventional total station 
114. The body 115 of this total station 114 is carried on the tripod 116. The 
transceiver optical system built in this total station 1 14 has only one exposure 
optical axis 1 17. In drawing 17 and drawing 18 , 1 18,1 19 is a wall of the interior 
of a room as the measuring object which counters mutually, respectively, and 
distance measuring equipment 1 1 1 and the total station 1 14 are placed indoors, 
respectively. 

[0008] As shown in drawing 17 , when it is going to measure the distance 
between walls 1 18,1 19 using distance measuring equipment 111, first, the 
equipment 1 1 1 concerned is placed indoors, the exposure optical axis 1 13 is 
turned to one wall 118, and the distance from the equipment 1 1 1 concerned to 
concerned one wall 1 18 is measured. This distance is displayed on a drop 120, 
and the operating personnel looks at and makes a note of this. Next, 180 
degrees of sense of the equipment 111 concerned are changed, the exposure 
optical axis 1 13 is turned to the wall 1 19 of an opposite hand, and the distance 
from the equipment 1 1 1 concerned to the wall 9 of the opposite hand concerned 
is measured. This distance is displayed on a drop 120, and the operating 
personnel looks at and makes a note of this. Then, the distance to the wall 
1 18,1 19 whose note was made with the control panel 121 is inputted using the 
calculator function carried in the measuring device 111, and both distance is 
made to add. The addition result is the distance between the walls 1 18,1 19 which 
counter, and is displayed on a drop 120. It is also the same as as shown in 
drawing 18 , when it is going to measure the distance between walls 118 119 
using the total station 4. 



[0009] Thus, when measuring the distance between walls 118 119 usinq 
conventional distance measuring equipment 111 and the conventional total 
station 1 14, one by one, it must range by carrying out direction doubling of the 
exposure optical axis 113,117 every wall 1 1 8, 1 1 9 as the measuring object, the 
?'« C *'°r doubl ' n 9 cannot take time amount and trouble, and distance of a wall 
118 119 cannot be found easily. Moreover, an operating personnel must carry 
out the sequential input of each distance to each wall 118,119 acquired by 
ranging at the anthmetic units (microcomputer etc.) built in the equipment 
5?2°fT2 ' T USt make an arithmetic uni * calculate the distance between walls 

in n^l U * eqU '? S ti ? 1e am ° Unt and trouble also from this P°''nt. Furthermore, 
in order to perform direction doubling of the exposure optical axis 113 117a 

revolution base and tripod 112,116 grade are required, and a cost rise is not 

2lf f r '^ hile * enlar 9 es as the wh °'e equipment and weight increases. 
[0010] Not only indoor measurement but in the others which measure the 
physical relationship between two or more measuring objects etc., such a 
situation is the same. 

[001 1] Moreover, at said conventional total station 1 14, since the machine high 
was measured by the operating personnel with the tape measure etc. and the 
data was inputted by input units, such as a control panel, as mentioned above 
machine high measurement had taken trouble. 

[0012] This invention was made in view of a situation which was mentioned 
above, and it aims at offering the distance measuring equipment which does not 
necessanly require a tripod etc., and the indoor metering device using this while 
SweCteete 6aSily phySiC£ " relationsh iP between two or more measuring 

[0013] Moreover, this invention aims at offering the total station which machine 

high measurement does not take trouble 

[0014] 

[Means for Solving the Problem] In order to solve said technical problem the 
distance measuring equipment by the 1st mode of this invention Are transceiver 

SnfT ^° ° r m ° re ex P° sure cecals axis, and light is irradiated to 
timing different simultaneous, respectively in accordance with said two or more 
exposure opticals axis. To coincidence each reflected light corresponding to each 
exposure light irradiated respectively in accordance with said two or mori 

Hfff 0 °ro U ^ 0f5tiCa l aX !f-' res P ectivel V ° r the transceiver optical system received to 
different timing, The distance acquisition section which acquires each distance to 
each measunng object which exists on extension of said each exposure optical 
axis based on said each reflected light received according to said transceiver 
optical system, respectively, Mutual relative physical relationship is fixed so that 
two or more exposure opticals axis of a preparation and said two or more 
exposure opticals axis may serve as mutually different sense 
[0015] Said distance acquisition section finds the distance to the measuring 
object based on time difference with the time of luminescence offer example 
exposure light, and light-receiving of the reflected light from the measuring ' 
£i f But J* ran 9 jn 9 Principle which can be adopted by this invention is not 
limited to what is depended on such time difference. This point is the same also 



about each mode mentioned later. 

[0016] The distance measuring equipment by the 2nd mode of this invention is 
equipped with a means to search for the relative physical relationship between 
said each measunng object, in said 1st mode based on each distance to said 
each measunng object obtained by said distance acquisition section. 

measuring equipment by the 3rd mode of 
this invention searches for said relative physical relationship in said 2nd mode 
includes a means to find the distance between said each measuring object 
[0018] A means by which the distance measuring equipment by the 4th mode of 
this invention searches for said relative physical relationship in said 2nd or 3rd 
mode includes a means to search for the relative coordinate of each of said 
measurement measuring object. 

[0019] the 5th voice of this invention ~ the distance measuring equipment twisted 
like - said voice of either the 1 st thru/or the 4th either - it sets like and has a 
means to calculate the predetermined value about the configuration of two- 
dimensional [ which was assumed beforehand, respectively, including 
respectively the location of each measuring object corresponding to said each 
exposure optical axis ], or a three dimension based on each distance to said 
each measunng object obtained by said distance acquisition section 
[0020] the 6th voice of this invention - the distance measuring equipment twisted 
like -- said voice of either the 1 st thru/or the 5th either - setting like, said two or 
more exposure opticals axis include two exposure opticals axis with which the 
mutual sense makes 90 degrees of abbreviation. 

[0021] the 7th voice of this invention - the distance measuring equipment twisted 
like ~ said voice of either the 1st thru/or the 5th either - setting like, said two or 
more exposure opticals axis include two exposure opticals axis with which the 
mutual sense makes 1 80 degrees of abbreviation. 

[0022] The distance measuring equipment by the 8th mode of this invention is set 
in said mode of either the 1st thru/or the 5th either. Said two or more exposure 
opticals axis the inside of a predetermined base plane or this predetermined 
base plane, and abbreviation - when the sense of said four exposure opticals 
axis maps said four exposure opticals axis in said base plane including four 
exposure opticals axis included in an parallel flat surface, it has include-angle 
spacing of every 90 degrees of abbreviation in said base plane. 
[0023] The distance measuring equipment by the 9th mode of this invention is set 
in said 8th mode. The die length equivalent to the die length of each side of the 
square in said base plane with the configuration which included four locations in 
said base plane which mapped the location of the four measuring objects 
corresponding to said four exposure opticals axis in said base plane, respectively 
on each side, respectively, and was assumed beforehand It has the means 
searched for based on each distance to said each measuring object obtained by 
said distance acquisition section. 

[0024] The distance measuring equipment by the 10th mode of this invention is 
set in said 8th or 9th mode. The relative coordinate of the location equivalent to 
each top-most vertices of the square in said base plane with the configuration 
which included four locations in said base plane which mapped the location of 



^S^^^^^^ ,o - each 

the area of Z square in S S h«L ^ the „T Si,her 11,6 area equivalent to 
has the means searched for h=L2 ^ and was assu med beforehand It 
beforehand is a retfang 6 ? P ythe 12th mode of this Mention assumed 

sssssrSS £S»s5^s-- 

die length of each side of hexaheri™ «)S? 2? 6 ' ength e 9 uiva,en t to the 

to each top-most ve^ ceT of hJJltSn™^™ 1 * ° Uhe ,ocation equivalent 
the location of the S measuring n%LT ^ the OTnfl 9 ura «°n ^ich included 
ooticals axi^nH C oS^ 9 ° bjects corre sponding to said four exposure 

was^ne ° Pt,Ca,S 3Xis ° n each field - ^ P ec«ve, y and 

to said ea™ *mea° ^SiS^r^JS^ f ° r baSed ° n each distan <* 
rnmm Th Q y UDjeci on iained by said distance acqu sition section 

^wZ^JS^STrW I ha 1 6,h m ° da ° f ^ "Son is 
the area of each Sde o^ ei,h f • The area equivalent to 
location of the six mL«»ta^!32 . configuration which included the 

oDticak I lie lZ me asunng objects corresponding to said four exposure 

to said each .^SlSSS:^ 



[0031] The distance measuring equipment by the 17th mode of this invention is 
set in said mode of either the 1 3th thru/or the 1 6th either. The volume equivalent 
to the volume of hexahedron with the configuration which included the location of 
the six measuring objects corresponding to said four exposure opticals axis and 
said two exposure opticals axis on each field, respectively, and was assumed 
beforehand It has the means searched for based on each distance to said each 
measuring object obtained by said distance acquisition section. 
[0032] In said mode of either the 14th thru/or the 17th either, said configuration of 
the distance measuring equipment by the 18th mode of this invention assumed 
beforehand is a rectangular parallelepiped. 

[0033] The distance measuring equipment by the 19th mode of this invention is 
set in said mode of either the 1st thru/or the 18th either. Said two or more 
exposure opticals axis At least one exposure optical axis is included in addition to 
said two or more exposure opticals axis. The sense of said at least one exposure 
optical axis It can change relatively to the sense of said two or more exposure 
opticals axis, and has a detection means to detect the relative sense of said at 
least one exposure optical axis over either of said two or more exposure opticals 
axis, or an input means to input the data in which said relative sense is shown. 
[0034] The indoor metering device by the 20th mode of this invention is an indoor 
metering device which performs predetermined measurement about the interior 
of a room, and is equipped with distance measuring equipment according to 
claim 1 to 19. 

[0035] The distance measuring equipment by the 21st mode of this invention is 
transceiver optical system with two or more exposure opticals axis. In 
accordance with said two or more exposure opticals axis, light is irradiated to 
timing different simultaneous, respectively. To coincidence each reflected light 
corresponding to each exposure light irradiated respectively in accordance with 
said two or more exposure opticals axis, respectively Or the transceiver optical 
system received to different timing, The distance acquisition section which 
acquires each distance to each measuring object which exists on extension of 
said each exposure optical axis based on said each reflected light received 
according to said transceiver optical system, respectively, The sense of at least 
one exposure optical axis in a preparation and said two or more exposure 
opticals axis It can change relatively to the sense of other at least one exposure 
optical axis, and has a detection means to detect the relative sense to at least 
one exposure optical axis besides the above of said at least one exposure optical 
axis, or an input means to input the data in which said relative sense is shown. 
[0036] the 22nd voice of this invention - the total station depended like - said 
21st voice ~ the total station equipped with the distance measuring equipment 
twisted like - it is - said - others - at least one exposure optical axis - facing 
down - it is - said - others - based on the distance acquired by said distance 
acquisition section in relation to at least one exposure optical axis, it obtains the 
machine high of the total station concerned. 

[0037] In said 22nd mode, the total station by the 23rd mode of this invention is 
equipped with collimation optical system, and said its at least one exposure 
optical axis corresponds with the optical axis of collimation optical system. 



[0038] 

[Embodiment of the Invention] Hereafter, the indoor metering device and total 
station which used this are explained to the distance measuring equipment by 
this invention, and a list with reference to a drawing. 
[0039] [The gestalt of the 1st operation] 

[0040] Drawing 1 is the outline perspective view showing typically the situation of 
measurement at the time of using the distance measuring equipment 1 1 by the 
gestalt of operation of the 1st of this invention as an indoor metering device. 
Drawing 2 is the outline block diagram showing the distance measuring 
equipment 1 1 by the gestalt of this operation. Drawing 3 is an outline flowchart 
which shows an example of actuation of the distance measuring equipment 1 1 by 
the gestalt of this operation. Drawing 4 is an explanatory view for explaining the 
content of an operation by the distance measuring equipment 1 1 by the gestalt of 
this operation. In drawing 1 and drawing 4 , the X-axis, the Y-axis, and the Z-axis 
which were defined on the basis of distance measuring equipment 1 1 and which 
intersect perpendicularly mutually are defined (the same is said of drawing 
mentioned later.). Moreover, the direction of +X and the sense of the objection 
are called the direction of -X for the sense of an arrow head among X shaft 
onentations. The same is said of Z shaft orientations and Y shaft orientations 
[0041] The distance measuring equipment 1 1 by the gestalt of this operation is 
equipped with transceiver optical system with four exposure opticals axis 12a- 
12d as shown in drawing 1 and drawing 2 . This transceiver optical system is 
constituted from four individual separate shipment receiving optical system 13a- 
13d established corresponding to the exposure opticals axis 12a-12d 
respectively by the gestalt of this operation. 

[0042] With the gestalt of this operation, individual separate shipment receiving 
optical-system 13a has light emitting device 14a, such as infrared rays LED and 
laser, photo detector 15a, object optical-system 16a, and half mirror 17a The 
exposure light which emitted light from light emitting device 14a penetrates half 
mirror 17a, and is irradiated along with exposure optical-axis 12a through object 
optical-system 16a. It is reflected by the measuring object (at the example shown 
in drawing 1 , it is wall 30a) to which this exposure light exists on extension of 
exposure optical-axis 12a, and that reflected light is received by photo detector 
15a after being reflected by half mirror 1 7a through return and object optical- 
system 16a along with exposure optical-axis 12a. The configuration of 
transceiver optical-system 13a is not limited to such a configuration, and an 
optical fiber etc. is suitably used if needed so that arrangement which exposure 
optical-axis 12a mentions later can be realized. Moreover, it consists of gestalten 
of this operation so that the light-receiving optical axis which receives the 
reflected light may be in agreement with exposure optical-axis 12a, but you may 
constitute so that a light-receiving optical axis may shift from an exposure optical 
axis. 

[0043] The each separate shipment receiving optical system 13b-13c as well as 
individual separate shipment receiving optical-system 13a is constituted. 
Individual separate shipment receiving optical-system 13b has the elements 14b- 
17b corresponding to said elements 14a-17a. Individual separate shipment 



receiving optical-system 13c has the elements 14c-17c corresponding to said 
elements I4a-17a, and 13d of individual separate shipment receiving optical 
system has the elements 14d-17d corresponding to said elements 14a-17a. 
[0044] The distance measuring equipment 1 1 by the gestalt of this operation 
besides the transceiver optical system mentioned above With the processing 
according to each and the actuators 20a-20d which perform ranging data 
processing which acquires the distance to the measuring object based on light- 
receiving of the reflected light while performing luminescence actuation control to 
the each separate shipment receiving optical system 13a-13b, respectively 
Generalization control / processing section 26 which performs data processing 
which mentions the processing according to each, and Actuators 20a-20d later 
based on the distance acquired from the processing according to each, and 
Actuators 20a-20d while carrying out generalization control by answering a 
command from a control unit 27, It has the control unit 27 for ah operating 
personnel to input various kinds of commands etc. and the displays 28, such as a 
liquid crystal display which displays a measurement result etc. Generalization 
control / processing section 26 is constituted using CPU etc. each component 
explained above - the inside of a case 29 - or it is prepared in the surface 
section of a case 29. 

[0045] Individual processing and actuator 20a have the individial control and 
processing section 21a which consists of CPUs etc., timing measurement circuit 
22a which consists of digital circuits etc., light emitting device actuation circuit 
23a which drives light emitting device 14a and amplifying-circuit 24a which 
amplifies the light-receiving signal from photo detector 15a, and A/D-converter 
25a which carries out A/D conversion of the amplified light-receiving signal. 
Individial control and processing section 21a answer a command from 
generalization control / processing section 26, and gives a ranging start signal to 
timing measurement circuit 22a. Timing measurement circuit 22a answers this 
ranging start signal, operates light emitting device actuation circuit 23a, makes 
light emitting device 14a emit light, and makes exposure light irradiate along with 
exposure optical-axis 12a. After the light-receiving signal (light-receiving signal of 
the reflected light which exposure light reflected by the measuring object) from 
photo detector 15a is amplified by amplifying-circuit 24a and A/D conversion is 
further carried out by A/D-converter 25a, it is inputted into timing measurement 
circuit 22a. Timing measurement circuit 22a measures time difference with the 
time of luminescence of exposure light, and light-receiving of the reflected light, 
and gives the time difference to individial control and processing section 21a. 
Individial control and processing section 21a find the distance a to the measuring 
object which exists on extension of exposure optical-axis 12a from the co- 
ordinate basic origin O of distance measuring equipment 1 1 by the operation 
based on the time difference acquired from timing measurement circuit 22a. This 
distance a is supplied to generalization control / processing section 26 from 
individual-processing actuator 20a. 

[0046] Although not shown in a drawing, it is constituted like individual 
processing and actuator 20a which the processing according to each and 
Actuators 20b-20d also mentioned above. 
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relation of these points and co-ordinate basic origins O is mapped and seen from 
Z shaft orientations to said base plane, it is shown in drawing 4 . 
[0052] If an operating personnel operates a control unit 27 and gives the initiation 
command of measurement after it arranges distance measuring equipment 1 1 in 
this way, generalization control / processing section 26 will answer this 
command, and will give a ranging initiation command to the processing according 
to each, and Actuators 20a-20d, respectively. The processing according to each 
and Actuators 20a-20d perform actuation which answered these ranging initiation 
commands and was mentioned above, and supply each distance a-d from the 
co-ordinate basic origin O to each walls [ 30a-30d ] each point A, B, C, and D to 
generalization control / processing section 26, respectively (step SI in drawing 3 
). in addition, generalization control / processing section 26 - individual 
processing and an actuator 20 - you may control to operate a-20d 
simultaneously, and may make it make it operate one by one in time sharing 
[0053] Next, generalization control / processing section 26 will compute the 
dimensions L1 and L2 of each side of the rectangle GHJK in drawing 4 based on 
each distance a-d, if each distance a-d is obtained from individual processing 
and Actuators 20a-20d (step S2 in drawing 3 ). A rectangle GHJK is a square 
which has the shape of a rectangle (two-dimensional configuration) as a 
configuration which included the point (these mapping points are Points A, B, and 
C and the D itself with the gestalt of this operation.) which mapped Points A, B, 
C, and D in said base plane on each side, respectively, and was assumed 
beforehand. The dimensions L1 and L2 of each side computable [ the following 
several 1 and several 2 ] are clear. 
[0054] 

[Equation 1] L1=a+b [0055] 

[Equation 2] L2=c+d [0056] Subsequently, generalization control / processing 
section 26 computes the relative coordinate of the top-most vertices G, H, J, and 
K of a rectangle GHJK based on each distance a-d (step S3 in drawing 3 ). The 
relative coordinate by XY coordinate (the relative coordinate of other formats is 
sufficient.) of these top-most vertices is computable as G= (- a, c), H= (b, c), J= 
(b, -d), and K= (- a, -d). It cannot be overemphasized that the zero of these 
relative coordinates may be changed suitably. 

[0057] Then, generalization control / processing section 26 computes the area P 
of a rectangle GHJK by the following several 3 based on each distance a-d (step 
S4 of drawing 3 ). 
[0058] 

[Equation 3] P=(a+b)x(c+d) 

[0059] Finally, generalization control / processing section 26 displays on a 
display 28 the area P computed by the relative coordinate of each top-most 
vertices G, H, J, and K computed at each distance a-d measured at step S1, the 
dimensions L1 and L2 computed at step S2, and step S3, and step S4 (step S5 
of drawing 3 ), and ends a series of actuation. 

[0060] In the example of measurement explained above, dimensions L1 and L2 
are the length of the floor (head lining) of a chamber, and a horizontal dimension, 
the relative coordinate of each top-most vertices G, H, J, and K is a relative 



coordinate of each top-most vertices in the top view of a chamber, and area P is 
a floor space (head-lining area). According to the gestalt of this operation, these 
values can be measured only by doubling only once, as the sense of distance 
measuring equipment 1 1 was mentioned above, therefore the measurement is 
very easy. And it is as having mentioned above that it is not necessary to 
necessarily use a tripod etc. 

[0061] In addition, if the sense of distance measuring equipment 11 is set up so 
that exposure optical-axis a-d may become respectively vertical to the wall of one 
wall of head lining and one pair of walls which counter mutually, a floor, and 
another side of said one pair of walls for example, it can ask for the relative 
coordinate and area of the dimension and each top-most vertices of one pair of 
remaining walls. 

[0062] Although the exposure opticals axis 12a-12d were included in the 
predetermined base plane parallel to XY flat surface and the co-ordinate basic 
origin O was with the gestalt of operation mentioned above on extension of each 
exposure opticals axis 12a-12d, this invention is not limited to this. For example, 
exposure optical-axis 12a may shift in the direction of arbitration from the co- 
ordinate basic origin O, making the sense into the direction of -X, and is the 
same about other exposure opticals axis 12b-12d. 

[0063] Moreover, for example, as the sense of exposure optical-axis 12c is 
shown in drawing 5 , only the include angle theta 1 may lean to the direction of 
+Y in the flat surface parallel to XY flat surface. In this case, although the 
distance acquired from individual processing and actuator 20c is distance c' in 
drawing 5 , since the relation between c' and costheta1=c is materialized, it can 
ask for each dimension mentioned above like the gestalt of operation mentioned 
above by using this relation. In addition, drawing 5 is an explanatory view 
corresponding to drawing 4 . In drawing 5 , point C* is a point on extension of 
exposure optical-axis 12c in wall 30c at the time of leaning, as the sense of 
exposure optical-axis 12c was mentioned above. Distance c' is the distance from 
a co-ordinate basic origin O to point C\ 

[0064] Similarly, as the sense of exposure optical-axis 12c is shown in drawing 6 
, only the include angle theta 2 may lean to the direction of +Y in the flat surface 
parallel to YZ flat surface. In this case, although the distance acquired from 
individual processing and actuator 20c is distance c" in drawing 6 , since the 
relation between c" and costheta2=c is materialized, it can ask for each 
dimension mentioned above like the gestalt of operation mentioned above by 
using this relation. In addition, although drawing 6 is an explanatory view 
corresponding to drawing 4 , it is seen from X shaft orientations. In drawing 6 , 
point C" is a point on extension of exposure optical-axis 12c in wall 30c at the 
time of leaning, as the sense of exposure optical-axis 12c was mentioned above. 
Distance c" is the distance from a co-ordinate basic origin O to point C." 
[0065] Since the sense of exposure optical-axis 12c may be leaned as shown in 
drawing 5 , and it may be leaned as shown in drawing 6 , it turns out after all that 
you may lean in the direction of arbitration to the direction of +Y. This is the same 
about other exposure opticals axis 12a, 12b, and 12d. After all, mutual relative 
physical relationship should just be fixed so that the exposure opticals axis 12a- 



12d may serve as mutually different sense. However, if the exposure opticals 
axis 12a-12d do not shine upon the walls 30a-30d on all sides, respectively, a 
dimension which was mentioned above cannot be obtained, therefore - if it takes 
into consideration that the dimension of a chamber is of infinite variety - the 
exposure opticals axis 12a-12d - the inside of a predetermined base plane or 
this predetermined base plane, and abbreviation - when it is contained in an 
parallel flat surface and the exposure opticals axis 12a-12d are mapped in said 
base plane, it is desirable to have include-angle spacing of every 90 degrees of 
abbreviation in said base plane. 

[0066] By the way, with the gestalt of operation mentioned above, as explained in 
relation to step S2 in drawing 3 - S4, it is asking for the relative coordinate and 
area of the dimension about the square GHJK in drawing 4 ,- and top-most 
vertices, using the shape of a rectangle as a configuration assumed beforehand. 
However, the configuration assumed by step S2 - S4 is not necessarily limited to 
a rectangle, and may assume a trapezoid configuration as shown in drawing 7 . 
As information (configuration information except magnitude) which specifies this 
trapezoid configuration, three include angles can be mentioned, for example. In 
this case, it is clear from geometric relation that the dimension of each side with 
the trapezoid configuration concerned which includes Points A, B, C, and D on 
each side of trapezoid G'H'JK, the relative coordinate of each top-most vertices, 
and area are computable from ranging value a-d. There is also a chamber which 
has such a trapezoid configuration plentifully. Since there are many chambers 
with the shape of a rectangle overwhelmingly actually, an operating personnel 
enables it to set the configuration which should be assumed by step S2 - S4 also 
to configurations other than the shape of a rectangle, and generalization control / 
processing section 26 should just calculate step S2 - S4 according to the set-up 
configuration. What is necessary is for setting out of such an operating personnel 
of a configuration to be able to build the user interface which can choose an 
operating personnel from from among the various configurations assumed 
beforehand, or for an operating personnel just to enable it to input the information 
which specifies the configuration which should be assumed. What is necessary is 
for the operating personnel just to enable it to input three include angles of the 
chamber beforehand measured with a certain means, if it is the case of the latter, 
for example, a trapezoid configuration as shown in drawing 7 . In addition, 
drawing 7 is an explanatory view corresponding to drawing 4 . 
[0067] Although the above explained the configuration to assume about the 
square-like case, there may not be that to which the configuration to assume is 
not necessarily limited in the shape of a square, and may be the two-dimensional 
configuration of other arbitration. 

[0068] Although the case where the distance measuring equipment 1 1 by the 
gestalt of this operation was used as an indoor metering device was mentioned 
as the example and the above explanation explained it, it cannot be 
overemphasized that the application of the distance measuring equipment 1 1 by 
the gestalt of this operation is not limited to indoor measurement. 
[0069] [The gestalt of the 2nd operation] 

[0070] Drawing 8 is the outline block diagram showing the distance measuring 



equipment 40 by the gestalt of operation of the 2nd of this invention. In drawing 8 
, the same sign is given to the same as that of the element in drawing 1 and 
drawing 2 , or a corresponding element, and the overlapping explanation is 
omitted. 

[0071] The place where the distance measuring equipment 40 by the gestalt of 
this operation differs from the distance measuring equipment 1 1 by the gestalt of 
said 1st operation As opposed to the individual separate shipment receiving 
optical system 13a-13d, and individual processing and actuators 20a-20d mainly 
being formed with the gestalt of said 1st operation corresponding to each 
exposure opticals axis 12a-12d, respectively It is the point of having attained 
communalization to each exposure opticals axis 12a-12d about transceiver 
optical system, and processing and an actuator, by adopting the optical switches 
41a-41d of the mechanical cable type which uses a motor etc. as an actuator 
with the gestalt of this operation. In addition, also in the gestalt of this operation, 
each exposure opticals axis [ 12a-12d ] relative physical relationship is the same 
as the gestalt of said 1st operation. 

[0072] The transceiver optical system with four exposure opticals axis 12a-12d is 
constituted from every one light emitting device 14 and a photo detector 15, said 
optical switches 41a-41d, the object optical system 16a-16d, and half mirrors 17, 
42a-42d by the gestalt of this operation, respectively. After the exposure light 
emitted from the light emitting device 14 penetrates a half mirror 17, with half 
mirrors 42a-42b, it branches to four optical paths and is irradiated in accordance 
with each exposure opticals axis 12a-12d through the object optical system 1 Ba- 
led, respectively. After passing through the same optical path as exposure light, 
it is reflected by the half mirror 17, and the reflected light from each measuring 
object which exists on extension of each exposure opticals axis 1 2a-1 2d is 
received by the photo detector 15. Optical switches 41a-41d are arranged at said 
four branched optical paths, respectively, and can open and close a 
corresponding optical path now. 

[0073] The timing measurement circuit 22 which performs the respectively same 
actuation as the elements 22a-25a in drawing 2 besides [ which mentioned 
above the distance measuring equipment 40 by the gestalt of this operation ] 
transceiver optical system, the light emitting device actuation circuit 23, an 
amplifying circuit 24, and A/D converter 25, It has control / processing section 20 
also having the function equivalent to the individial control and processing 
section 21a in drawing 2 , and generalization control / processing section 26, and 
the optical switch actuation circuit 43 which drives optical switches 41a-41d. 
Control / processing section 20 is constituted using CPU etc. In addition, the 
distance measuring equipment 40 by the gestalt of this operation is also the 
same with the gestalt of the 1st operation, and it has the control unit 27 and the 
display 28. 

[0074] Control / processing section 20 answers the initiation command of the 
measurement from a control unit 27, first, controls the optical switch actuation 
circuit 43, and changes only optical switch 41a into the condition of having closed 
the optical switches 41b-41d besides an aperture selectively. A ranging initiation 
command is given to the timing measurement circuit 22 in this condition. 
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conventional conventional total station, the distance concerned can be measured 
easily. 

[0083] Like the gestalt of this operation, even if it is the case where distance 
measuring equipment 50 has only two exposure opticals axis 12a and 12b If it 
changes into the condition of having changed 90-degree sense into the 
circumference of the Z-axis from the arrangement which shows distance 
measuring equipment 50 to drawing 9 and same measurement is performed 
once again Each distance c and d to the walls 30c and 30d in drawing 1 can also 
be acquired, as a result said dimensions L1 and L2, the relative coordinate of 
each top-most vertices G, H, J, and K, and area P can be obtained like the case 
of the gestalt of said 1 st operation. In this case, generalization control / 
processing section 26 receives the command of the purport which is the 
command of a purport and the 2nd measurement which are such the 1 st 
measurement from a control unit 27, and answers each command. After storing 
each distance a and b and each distance c and d in memory, respectively and 
acquiring each distance c and d by the 2nd measurement, said dimensions L1 
and L2, the relative coordinate of each top-most vertices G, H, J, and K, and area 
P may be computed, and you may make it display on a display 28 automatically 
based on each distance a-d. 

[0084] In addition, it cannot be overemphasized that the application of the 
distance measuring equipment 50 by the gestalt of this operation is not limited to 
indoor measurement, either. 
[0085] [The gestalt of the 4th operation] 

[0086] Drawing 10 is the outline perspective view showing typically the situation 
of measurement at the time of using the distance measuring equipment 60 by the 
gestalt of operation of the 4th of this invention as an indoor metering device. In 
drawing 10 , the same sign is given to the same as that of the element in drawing 
I , or a corresponding element, and the overlapping explanation is omitted. 
[0087] The place where the distance measuring equipment 60 by the gestalt of 
this operation differs from the distance measuring equipment 1 1 by the gestalt of 
said 1st operation is only the point that the individual separate shipment receiving 
optical system 13b and 13d, and individual processing and actuators 20b and 
20d are removed, and actuation of generalization control / processing section 26 
is changed in connection with this. 

[0088] With the gestalt of this operation, if each distance a and c is acquired from 
individual processing and Actuators 20a and 20c, generalization control / 
processing section 26 will compute the distance between Points A and C (= 
(a2+c2) 1/2), will compute the relative coordinate of Points A and C, will display 
these on a display 28, and will end processing. 

[0089] According to the gestalt of this operation, by one measurement actuation, 
only the distance between one pair of points A of wall 30a and the points C of 
wall 30c which counter can be measured, but compared with the case where the 
distance between Points A and C is measured using conventional distance 
measuring equipment and the conventional conventional total station, the 
distance concerned can be measured easily. 

[0090] Like the gestalt of this operation, even if it is the case where distance 



measuring equipment 60 has only two exposure opticals axis 12a and 12c If it 
changes into the condition of having changed 180-degree sense into the 
circumference of the Z-axis from the arrangement which shows distance 
measunng equipment 60 to drawing 10 and same measurement is performed 
once again Each distance b and d to the walls 30b and 30d in drawing 1 can also 
be acquired, as a result said dimensions L1 and L2, the relative coordinate of 
each top-most vertices G, H, J, and K, and area P can be obtained like the case 
of the gestalt of said 1 st operation. In this case, generalization control / 
processing section 26 receives the command of the purport which is the 
command of a purport and the 2nd measurement which are such the 1st 
measurement from a control unit 27, and answers each command. After storing 
each distance a and c and each distance b and d in memory, respectively and 
acquinng each distance b and d by the 2nd measurement, said dimensions L1 
and L2 the relative coordinate of each top-most vertices G, H, J, and K, and area 
P may be computed, and you may make it display on a display 28 automatically 
based on each distance a-d. 

[0091] In addition, it cannot be overemphasized that the application of the 
distance measunng equipment 60 by the gestalt of this operation is not limited to 
indoor measurement, either. 
[0092] [The gestalt of the 5th operation] 

[0093] Drawing 1 1 is the outline perspective view showing typically the situation 
of measurement at the time of using the distance measuring equipment 70 by the 
gestalt of operation of the 5th of this invention as an indoor metering device In 
drawing 1 1 , the same sign is given to the same as that of the element in drawing 
I , or a corresponding element, and the overlapping explanation is omitted 
Moreover, drawing 12 is an explanatory view for explaining the content of an 
operation by the distance measuring equipment 70 by the gestalt of this 
operation. Drawing 13 is an outline flowchart which shows an example of 
actuation of the distance measuring equipment 70 by the gestalt of this 
operation. 

[0094] Since the configuration of the distance measuring equipment 70 by the 
gestalt of this operation is the same as that of the configuration and basic target 
of distance measuring equipment 1 1 by the gestalt of said 1st operation refer to 
it also for drawing 2 besides drawing 1 1 thru/or drawing 1 3 on the occasion of 
explanation of the gestalt of this operation. 

measuring equipment 70 by the gestalt of 
this operation differs from the distance measuring equipment 1 1 by the gestalt of 
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actuators 20e and 20f (not shown) which have the same configuration as 
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For S exa d6 E^VS*!™' 7" 3 ba86 38 3 "*> of thumb - or ^ng ^Z 

is desir^K th2 6 ° f 3 CaS6 29 may b6 forced ° n one wal1 - ^though it 
is desirable that the exposure opticals axis 12a-12f are strictly vertical 

!Z!S £ indoorwalls 30a-30d, head-lining 30e, and 30f of floors 
ideally, even if the sense shifts somewhat, there is no effect in the accuracv of 

ll a ^T m Tu 0t mUCh " " COnsiders as wa " wh ich wallsa [ 30 and 30 b whi^ 
chamber which serves as object for measurement here shall be rectenqula? 

30c 3 ^nHT 6 ?*; and , C °Tl r mUtUa " y are mutua,, y P ara,le| . a "d c^unferf mutually 

vSS^^S f J T h,Ch * iS T U8,,y [ 30d 1 para,lel ' and is mu ^ a »y [head- 
lining 30e and 30f of floors ] parallel, and head-lining 30e and 30f of floors lie at 

right angles, respectively in Walls 30a and 30b and Walls 30c and 306 7is not 
necessary to necessarily carry distance measuring equipment 70 in a tripod ete 
that what is necessary is just to only place, for example on a floor etc " Of courle 

in a tripod etc. if needed 

Sl2a-llf °n W wL n «. d r^r^ K ^ P ° int ° n eXt6n8ion of the exposure 0 P«cals 
n % J ? a " 8 30a - 30d - head-lining 30e, and 30f of floors is set to A B C 

orioln C ?£vE L 8p6Ct,valy - relation of these points and co-ordinate basic ' 
ongins O is shown in drawing 12 . 

[0100] If an operating personnel operates a control unit 27 and gives the initiation 

55 m m6 f S T m6nt aft6r jt arranaes distance measuring 9 e?uipmen^ 70 ?n 
^r? 1 ? t,0n C ° ntrol 7 pr °cessing section 26 will answe?this 
command, and will give a ranging initiation command to the processinq accordino 
to each, and Actuators 20a-20f, respectively. Actuation which answered th? 9 
S acc ° rdin 9 to each and Actuators 20a-20f, and these ranging nation 
commands, and was mentioned above is performed, and each distant a- from 



the co-ordinate basic origin O to each point A, B, C, D, E, and F of each walls 
30a-30d, head-lining 30e, and 30f of floors is supplied to generalization control / 
processing section 26, respectively (step S11 in drawing 13 ). in addition, 
generalization control / processing section 26 - individual processing and an 
actuator 20 - you may control to operate a-20f simultaneously, and may make it 
make it operate one by one in time sharing 

[0101] Next, generalization control / processing section 26 will compute the 
dimensions L1, L2, and L3 of each side of the rectangular parallelepiped 
MNQRSTUW in drawing 12 based on each distance a-f, if each distance a-f is 
obtained from individual processing and Actuators 20a-20f (step S12 in drawing 
13 ). A rectangular parallelepiped MNQRSTUW is hexahedron which has a 
rectangular parallelepiped configuration (three-dimension configuration) as a 
configuration which included Points A, B, C, D, E, and F on each side, and was 
assumed beforehand. The dimensions L1, L2, and L3 of each side computable [ 
with the following several 4 - a-six number ] are clear. 
[0102] 

[Equation 4] L1 =a+b [01 03] 
[Equation 5] L2=c+d [0104] 

[Equation 6] L3=e+f [0105] Subsequently, generalization control / processing 
section 26 computes the relative coordinate of the top-most vertices M, N, Q, R, 
S, T, U, and W of a rectangular parallelepiped MNQRSTUW based on each 
distance a-f (step S13 in drawing 13 ). The relative coordinate by the XYZ 
coordinate (the relative coordinate of other formats is sufficient.) of these top- 
most vertices As M= (-a, c, e), N= (b, c, e), Q= (- b, d, e), R= (- a, - d, e), S= (- a, 
c, - f), T- (b, c, -f), U= (b, -d, -f), and W= (-a, -d, -f) It is computable. It cannot be 
overemphasized that the zero of these relative coordinates may be changed 
suitably. 

[0106] Then, generalization control / processing section 26 computes the area P3 
of a rectangle MNTS and a rectangle RQUW with several 7 - a-nine number 
based on each distance a-f in the area P2 of the area P1 of a rectangle MNQR 
and a rectangle STUW, a rectangle RMSW, and a rectangle QNTU, and a list 
(step S14 of drawing 13 ). 
[0107] 

[Equation 7] P1=(a+b)x(c+d) 
[0108] 

[Equation 8] P2=(c+d)x(e+f) 
[0109] 

[Equation 9] P3=(a+b)x(e+f) 

[01 10] Next, generalization control / processing section 26 computes the volume 
V of a rectangular parallelepiped MNQRSTUW by the following several 10 based 
on each distance a-f (step S15 of drawing 13 ). 
[0111] 

[Equation 1 0] V=(a+b)x(c+d)x(e+f) 

[01 12] Each distance a-f by which generalization control / processing section 26 
was finally measured at step S1 1 , The relative coordinate of each top-most 
vertices M, N, Q, R, S, T, U, and W computed at the dimensions L1, L2, and L3 



computed at step S12, and step S13, The area P1, P2, and P3 computed at step 
S14 and the volume V computed at step S15 are displayed on a display 28 (step 
S16 of drawing 13 ). and a series of actuation is ended. 

[0113] In the example of measurement explained above, dimensions L1, L2, and 
L3 are dimensions of the length of the floor (head lining) of a chamber, width, and 
head-lining height, the relative coordinate of each top-most vertices M, N, Q, R, 
S, T, U, and W is a relative coordinate of each corner of a chamber, area' PI is a 
floor space (head-lining area), area P2 and P3 is wall surface products, 
respectively, and the volume V is volume of a chamber. According to the gestalt 
of this operation, these values can be measured only by doubling only once, as 
the sense of distance measuring equipment 70 was mentioned above, therefore 
the measurement is very easy. And it is as having mentioned above that it is not 
necessary to necessarily use a tripod etc. 

[01 14] With the gestalt of operation mentioned above, although the co-ordinate 
basic origin O was on extension of each exposure opticals axis 12a-12d, this 
invention is not limited to this. For example, exposure optical-axis 12a may shift 
in the direction of arbitration from the co-ordinate basic origin O, making the 
sense into the direction of -X, and is the same about other exposure opticals axis 
12b-12f. 

[01 15] Moreover, the sense of exposure optical-axis 12c may be leaned in the 
direction of arbitration to the direction of +Y like the case of the gestalt of said 1st 
operation. This is the same about other exposure opticals axis 12a, 12b, 12d-12f. 
However, if the exposure opticals axis 12a-12f do not hit Walls 30a-30d, head- 
lining 30e, and 30f of floors, respectively, a dimension which was mentioned 
above cannot be obtained. When a thing of infinite variety is taken into 
consideration, the dimension of a chamber therefore, the exposure opticals axis 
12a-12f the inside of a predetermined base plane or this predetermined base 
plane, and abbreviation, when it is contained in an parallel flat surface and the 
exposure opticals axis 12a-12d are mapped in said base plane It has include- 
angle spacing of every 90 degrees of abbreviation in said base plane, and as for 
the exposure opticals axis 12e and 12f, it is desirable to make 90 degrees of 
abbreviation to said base plane, respectively while the mutual sense makes 180 
degrees of abbreviation. 

[01 16] By the way, with the gestalt of operation mentioned above, as explained in 
relation to steps S12-S15 in drawing 3 , it is asking for the dimension about the 
rectangular parallelepiped MNQRSTUW in drawing 12 , the relative coordinate of 
top-most vertices, area, and the volume, using a rectangular parallelepiped 
configuration as a configuration assumed beforehand. However, the 
configuration assumed at steps S12-S15 may not necessarily be limited to a 
rectangular parallelepiped, and may be a three-dimension configuration of other 
arbitration other than hexahedron. The configuration assumed by step S2 - S4 in 
the gestalt of said 1st operation is not limited to a rectangle, but that of this point 
is the same as that of the thing which may be the two-dimensional configuration 
of arbitration. 

[01 17] Although the case where the distance measuring equipment 70 by the 
gestalt of this operation was used as an indoor metering device was mentioned 



as the example and the above explanation explained it, it cannot be 
overemphasized that the application of the distance measuring equipment 70 by 
the gestalt of this operation is not limited to indoor measurement. 
[01 18] [The gestalt of the 6th operation] 

[0119] Drawing 14 is the outline perspective view showing typically the situation- 
of measurement of the distance measuring equipment 80 by the gestalt of 
operation of the 6th of this invention. In drawing 14 , the same sign is given to the 
same as that of the element in drawing 9 , or a corresponding element, and the 
overlapping explanation is omitted. 

[0120] The place where the distance measuring equipment 80 by the gestalt of 
this operation differs from the distance measuring equipment 50 by the gestalt of 
the 3rd operation shown in drawing 9 As opposed to the mutual relative physical 
relationship of the exposure opticals axis 12a and 12b being fixed with the gestalt 
of said 3rd operation with the gestalt of this operation The point which is 
constituted so that exposure optical-axis 12a may be relatively rotated to the 
circumference of a shaft parallel to the Z-axis to exposure optical-axis 12b, 
changes the sense of exposure optical-axis 12a relatively to the sense of 
exposure optical-axis 12b, and can be set up now, It is a point equipped with 
include-angle detectors (not shown), such as a rotary encoder for detecting the 
sense of exposure optical-axis 12a. Moreover, with the gestalt of this operation, 
generalization control / processing section 26 computes the distance between 
both the measuring objects not only based on the distance to the measuring 
object in alignment with exposure optical-axis 12a, and the distance to the 
measuring object in alignment with exposure optical-axis 12b but based on the 
include angle which shows the sense of exposure optical-axis 12a. 
[0121] Instead of forming the include-angle detector which detects the sense of 
exposure optical-axis 12a, the angle index which shows the sense of exposure 
optical-axis 12a is attached, the include angle which an operating personnel 
reads the graduation and shows the sense of exposure optical-axis 12a is 
inputted by the control unit 27, and you may make it generalization control / 
processing section 26 use the inputted sense. 

[0122] Since according to the gestalt of this operation the same advantage as the 
gestalt of said 3rd operation is acquired and also the sense of exposure optical- 
axis 12a can be changed, compared with the gestalt of said 3rd operation, the 
high measurement of a degree of freedom of the ability to measure the distance 
for two points in the angular position of arbitration is attained. 
[0123] In addition, you may apply to the gestalt of the 5th operation which shows 
the deformation same with having transformed the gestalt of said 3rd operation 
and having acquired the gestalt of this operation to drawing 1 and which is shown 
in the gestalt and drawing 11 of the 1 st operation. 
[0124] Uhe gestalt of the 7th operation] 

[0125] Drawing 1 5 is the outline perspective view showing typically the total 
station 90 by the gestalt of operation of the 7th of this invention. Drawing 16 is 
the outline sectional view showing typically the cross section which met the 100- 
100' line in drawing 15 . 

[0126] The total station 90 by the gestalt of this operation is equipped with the 



tripod 91 and the body 92 carried on the tripod 91. It has the body 92 with a head 
93, the supporters 94a and 94b which support a head 93 pivotable to 7he 
circumference of a horizontal axis, and the base 95 which supports Supporters 
rn,o?^ 94b P ' VOtable to the circumference of a vertical axis t5Upporters 
10127] On a body 92, collimation optical system, the individual separate shioment 

SZ 2 P 0a C a a nd y 2 S 0 e h m ™? V* ' indiVidUal pSSJST* 

un t P7 Lh f h 20b, generalization control / processing section 26, a control 

Bn^L ^ h ^ 28 ' AnQ 6 9 , aUgeS f ° r altitude include an 9 |es . ^ch as an 
encoder which measures angle of rotation (altitude include angle) of the 

S t 22f^i° f A lhe , h0riZOntal 3XiS ° Ver the su PP° rt ers 94a and 94b of a head 

ll^J^' AnQle 93Uges for level include an 9 |es < n °t shown), such as an 
encoder which measures angle of rotation (level include angle) of the 

cLm V ed ° f VertiCal 3XiS t0 the baSG ° f Su PP°rters 94a and 94b, are 

[0128] In drawing 16 , the sign 96 shows on behalf of the parts of generalization 

■S£ ^ht Pr ° C H SS,n 5 SeCti ° n 26 in drawinq 2 • individual Processing and aerator 
S5«?23? MtbnB d f V,Ce 148> Ph0t ° detector 15a ' and half mirror 17a. With the 

dev ce ?I1 hp^ erat, ° n ,V While r6fleCting the eXp0SUre ,j 9 ht from «9ht emitting 
device 14a betoeen half mirror 17a and object optical-system 16a in drawing 2 

the d.chro.c m.rror 97 which has the property which penetrates the Ug h ' 

an k th f °£ i0al P3th between ha,f mirror 1 7a object optical- 
system 16a is bent. Thereby, object optical-system 16a is made to serve a 

double purpose as object optical system for collimation optical system and 
? tlC t aXiS 123 iS in a 9 ree ^ent with the optical axis of collimaton 
opbcal system. Coll.mation optical system consists of object optical-system 16a 
and an ocular system 98, and constitutes the telescope. 99 in dtSSjfiJhSi 
the eye of an operating personnel, as [ turn / by this / the elem ents 96 97 

/T£^i^!3l 18a . aPe ^ d t0 3 head 93 ' and 1 to the sense of arbitration 
/ by the revolution of the circumference of said horizontal axis, and the revolution 

of the circumference of said vertical axis / exposure optical-axis 12a ] - " > ° - ft 

IS. 

?J 29 J Moreover - in drawin q 16 , the sign 101 shows on behalf of the parts of 
nhn£ h! L P * OCe A S K n9 and actuator 20b ir. drawinq 2 , light emitting device 14b 
photo detector 15b, and half mirror 17b. These elements are carried in the base 
95 neighborhood, as shown in drawing 16 , and when the sense of exposure 
opt.cal-ax.s 12b is installed so that the datum plane of the bas^S may turn into 

ha i e Qt SU K rfaCe V the , PhySiCal relationshi P of exposure optical-axis ?2b to ne 
SStfn ,S b f n9 , fixed so that * ma V become downward [ of the direction of a 

SS?^ optica, ' axis 12b is downward - " ™* inc,ine to 

ffla?S^ dWW,lnq 16 ' the 9raphic disp ' ay of a contr ° l unit 27 and a 

[0131] With the gestalt of this operation, if the command of the purport which 
measures the machine high of the total station 90 is given to generalization 

o 0 thl 0 o P !; OCessin 9 section 26 fr °™ a control unit 27 in advance of measurement 
of the position coordinate of the original measuring object 102, generalization 



control / processing section 26 will give a ranging command to individual 
processing and actuator 20b. Individual processing and actuator 20b perform the 
same actuation as the case of the gestalt of said 1st operation, and gives the 
distance of the direction of a vertical from the co-ordinate basic origin of the total 
station 90 to the ground, i.e., the machine high of the total station 90, to 
generalization control / processing section 26. This machine high is stored in the 
internal memory of generalization control / processing section 26. 
[0132] Next, if an operating personnel doubles the sense of a head 93 with the 
sense which carries out the collimation of the measuring object 1 02 and gives the 
measurement initiation command of a position coordinate to generalization 
control / processing section 26 from a control unit 27, generalization control / 
processing section 26 will give a ranging command to individual processing and 
actuator 20a. Individual processing and actuator 20a perform the same actuation 
as the case of the gestalt of said 1st operation, and gives the distance to the 
measuring object 1 02 to generalization control / processing section 26. 
Moreover, generalization control / processing section 26 acquires an altitude 
include angle and a level include angle from said angle gauge for altitude include 
angles, and the angle gauge for level include angles, respectively. And 
generalization control / processing section 26 computes the coordinate of the 
measuring object 102 based on the distance, altitude include angle, and level 
include angle which were acquired as mentioned above. At this time, 
generalization control / processing section 26 computes the coordinate of the 
measuring object 1 02 on the basis of a terrestrial reference point by using the 
machine high acquired previously. The coordinate of the computed measuring 
object 102 is displayed on a display 28. 

[0133] Since according to the gestalt of this operation the machine high is 
obtained as it mentioned above, machine high measurement does not take 
trouble. 

[0134] In the gestalt of the 1st mentioned above thru/or the 7th operation, the 
time difference with the time of luminescence of exposure light and light-receiving 
of the reflected light may be measured with a clock counter, may be measured 
according to the phase contrast of a light wave, or may be measured by other 
approaches, and is not limited especially. 

[0135] As mentioned above, although the gestalt of each operation of this 
invention was explained, this invention is not limited to the gestalt of these 
operations. For example, the number of an exposure optical axis is not limited to 
the example of the gestalt of each operation mentioned above. 
[0136] Moreover, the deformation same with having transformed the gestalt of 
the 1st operation and having acquired the gestalt of the 2nd operation may be 
applied to the gestalt of the 3rd thru/or the 7th operation. 
[0137] 

[Effect of the invention] As explained above, according to this invention, the 
distance measuring equipment which can search for easily the physical 
relationship between the distance measuring equipment which can measure 
easily the distance to two or more measuring objects, or two or more measuring 
objects etc. or the distance measuring equipment which does not necessarily 



require a tripod etc., and the indoor metering device using this can be offered. 
[0138] Moreover, according to this invention, the total station which machine high 
measurement does not take trouble can be offered. 
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(54) THREE DIMENSIONAL FORM MEASURING APPARATUS 

(57)Abstract: 

PURPOSE: To solve the inconveniences due 
to a blind spot and to simplify the constitution 
of hardware and processing of data by 
converting a plurality of two-dimensional 
image data from a two-dimensional image 
pick-up device to three-dimensional shape 
data by the use of the corresponding 
conversion positional data. 
CONSTITUTION: In order to measure the 
shape of an object 8, an image of a light 
cutting line 10 formed on each of two mirror 
faces of a polygon mirror 3 is photographed, 
and the two-dimensional image data of the 
two images of the cutting line 10 
photographed by a camera 1 1 are sent to a 
data processing device 7. In the device 7, 
the two two-dimensional image data are 
converted to a three-dimensional shape data 
by the use of the corresponding conversion 
positional data. While the object 8 is moved and rotated, the above manipulation 
is repeated, so that the three-dimensional shape of the object 8 is measured. 
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CLAIMS 



[Claim 1] It is the three-dimension image measuring device made as [ change / 
he two-dimensional image data of the optical cutting plane line with which slit 
light is irradiated at a device under test, and this slit light is formed in the front 
face of a device under test / into three-dimension configuration data / using 
conversion location data ]. One slit light equipment which irradiates slit light at a 
device under test, the polygon mirror which has two or more mirror planes Two 
or more plane mirrors which are arranged in a mutually different location and 
made to reflect the light from the optical cutting plane line of the front face of a 
device under test towards the mirror plane where a polygon mirror corresponds 
One two-dimensional image pick-up equipment which picturizes simultaneously 
the image of an optical cutting plane line reflected in two or more mirror planes of 
a polygon mirror, and outputs the two-dimensional image data of each image 
And the three-dimension configuration measuring device characterized by having 
the data processor which changes two or more two-dimensional image data from 
two-dimensional image pick-up equipment into three-dimension configuration 
data using the conversion location data corresponding to each 



DETAILED DESCRIPTION 



[0001] 

[Industrial Application] This invention relates to the three-dimension image 
measunng device made as [ change / the three-dimension configuration 
measunng device which used the optical cutting method, and the two- 
dimensional image data of the optical cutting plane line with which slit light is 
irradiated in more detail at a device under test, and this slit light is formed in the 
front face of a device under test / into three-dimension configuration data / usino 
conversion location data ] 
[0002] 

[Description of the Prior Art] The thing equipped with two-dimensional image 
pick-up equipments, such as a television camera which picturizes the slit light 
equipment which irradiates slit light at a device under test, and the optical cutting 
plane line formed in a device-under-test front face as this kind of a three- 
dimension configuration measuring device, and outputs that two-dimensional 
image data, and the data processor which changes the two-dimensional image 
data of the optical cutting plane line from two-dimensional image pick-up 
equipment into three-dimension configuration data using conversion location data 
Inn^S??" Tw °- d,mension al "mage pick-up equipment is usually formed only one 
[0003] However, it a part of optical cutting plane line which a dead angle may 



arise with the configuration of a device under test, and is formed in a device- 
under-test front face goes into a dead angle, this cannot be picturized, therefore 
configuration measurement of a device under test becomes impossible in the 
three-dimension configuration measuring device in which two-dimensional image 
pick-up equipment is formed only one as mentioned above. 
[0004] The three-dimension configuration measuring device using two or more 
two-dimensional image pick-up equipments is proposed in order to avoid the 
inconvenience by the above dead angles arising, for example, as shown in 
JP,63-9602,B etc. 
[0005] 

[Problem(s) to be Solved by the Invention] As mentioned above, in the three- 
dimension configuration measuring device using two or more two-dimensional 
image pick-up equipments, it becomes cost high, a configuration is complicated 
in respect of hardware, and complicated data processing, such as parallel data 
processing, is needed also in respect of software. 

[0006] The object of this invention solves the above-mentioned problem, and can 
cancel the inconvenience by the dead angle, moreover, it is simple for data 
processing by the configuration and software of hardware, and it is for cost to 
also offer a cheap three-dimension configuration measurinq device 
[0007] 

[Means for Solving the Problem] The three-dimension configuration measuring 
device by this invention irradiates slit light at a device under test. It is the three- 
dimension image measuring device made as [ change / the two-dimensional 
image data of the optical cutting plane line with which this slit light is formed in 
the front face of a device under test / into three-dimension configuration data / 
using conversion location data ]. One slit light equipment which irradiates slit light 
at a device under test, the polygon mirror which has two or more mirror planes 
Two or more plane mirrors which are arranged in a mutually different location ' 
and made to reflect the light from the optical cutting plane line of the front face of 
a device under test towards the mirror plane where a polygon mirror 

image pick-up equipment which picturizes 
simultaneously the image of an optical cutting plane line reflected in two or more 
mirror planes of a polygon mirror, and outputs the two-dimensional image data of 
each image, And it is characterized by having the data processor which changes 
two or more two-dimensional image data from two-dimensional image pick-up 
equipment into three-dimension configuration data using the conversion location 
data corresponding to each. 
[0008] 

[Function] Since the optical cutting plane line of a device under test is reflected 
by two or more plane mirrors arranged in a mutually different location it is 
projected on two or more mirror planes of a polygon mirror and two or more of 
these images are picturized by two-dimensional image pick-up equipment the 
two-dimensional image data which looked at the optical cutting plane line from 
the direction where plurality differs is obtained. Therefore, even if it is a case with 
the complicated configuration of a device under test, the two-dimensional image 
data of the optical whole cutting plane line formed on the surface of a device 



under test can be obtained, and configuration measurement of a device under 

test can be performed by this. 

[0009] 

[Example] Hereafter, the example of this invention is explained with reference to 
a drawing. 

[0010] Drawing 1 shows the whole three-dimension configuration measuring 
device outline configuration, and this equipment is a device-under-test stage (1). 
Slit light equipment (2) One polygon mirror (3) Two plane mirrors (4), (5), and 
one two-dimensional image pick-up equipment (6) And data processor (7) It has. 
[001 1] Stage (1 ) Device under test (8) It is for carrying, and while being moved to 
two horizontal directions and perpendicularly it intersects mutually by the suitable 
means which is not illustrated, it is rotated centering on vertical axes. 
[0012] Slit light equipment (2) LD (laser diode), a cylindrical lens, etc. which are 
not illustrated are used, and it is a device under test (8). Slit light (9) It is for 
irradiating. 

[0013] Polygon mirror (3) It has two mirror planes (3a) (3b), and is light 
equipment (2) at this example. It receives and is a device under test (8). It is 
arranged in the location of an opposite hand. Two plane mirrors (4) and (5) are 
arranged in a mutually different location. And the 1st plane mirror (4) Slit light (9) 
Device under test (8) It is a polygon mirror (3) about the light from the optical 
cutting plane line (10) formed in a front face. It is made to reflect towards the 1st 
mirror plane (3a). The 2nd plane mirror (5) It is a polygon mirror (3) about the 
light from an optical cutting plane line (10). It is made to reflect towards the 2nd 
mirror plane (3b). Consequently, in the 1st mirror plane (3a) of a polygon mirror 
(3), it is the 1st plane mirror (4) about an optical cutting plane line (10). From a 
direction, the seen image is reflected and it is a polygon mirror (3). The image 
which looked at the optical cutting plane line (10) from the direction of the 2nd 
mirror plane (3b) is reflected in the 2nd mirror plane (3b). 
[0014] Two-dimensional image pick-up equipment (6) Polygon mirror (3) The 
image of an optical cutting plane line (10) reflected in two mirror planes (3a) (3b) 
is picturized simultaneously, and it is a data processor (7) about the two- 
dimensional image data of each image. It is for outputting and has the television 
camera (1 1) which has a two-dimensional image sensor. 
[0015] Data processor (7) Polygon mirror (3) It is for changing the two- 
dimensional image data of two images of the optical cutting plane line (10) from 
two mirror planes (3a) (3b) into three-dimension configuration data using the 
conversion location data corresponding to each, for example, is constituted by 
the microcomputer (microcomputer). It is obtained by the calibration and two 
conversion location data are data processors (7). Memory memorizes. 
[0016] In the above-mentioned three-dimension configuration measuring device, 
a calibration is performed, the conversion location data for changing two two- 
dimensional image data from a television camera (11) into three-dimension 
configuration data, respectively are called for in advance of measurement, and 
these are data processors (7). It memorizes. 

[0017] Device under test (8) When measuring a configuration, it is a polygon 
mirror (3) by the television camera (11). The two-dimensional image data of two 



W) < SESS ?lr ? P ' ane ' ine ° 0) WhiCh the ima 9 e of an "P**' cutting 
w?h the ?t \ ■ reflected ,n *"» m,rror Planes was picturized, and was picturized 

wSiJSSES SEE- 0 1 1 iS 8 da !? PrOCeSS ° r (7) - K is sent - Data'procSor 
i nese two two-dimensional image data is changed into three-dimension 

configuration data using the conversion location data then coTOSDondinn^ 
each And device under test (8) It is a device und^^S^^nXuch 
ESS^™* mi9rati ° n 3 reVO,Uti ° n - A threiJimensron 3 ^ 
[0018] Device under test by which the groove section (19\ w=,c f™~^ • *u 

p ane line (10) formed ,n a front face with one television camera even if it 
pic unzes from which direction, it is impossible for a dead angle'to arise and to 

1* ptare mbror V^lnt 5? of tne 9 raove section (12) cannot be picturized. The 
■ si piane mirror (4) If it pictunzes from a direction, it is the 1st side far^ fto a \ Z 

[0019] On the other hand, in the case of the above-mentioned ™ip ii ic o 

S3 . Sjffi '-^WSSSS SfflsST 

ran:>m^';h COn ? Uration measul *™nt can be performed ( 1 

^oZ^^^rX " a K P ° ly ?° n miTOr <3) - Mho ^ the 
9rn , ' m " ror P'anes (ja) (3b) and the number of a plane mirror (4\ and 

[0021] 

ice unaer test is solved, and configuration measurement of a device under 



test can be performed. And since only one television camera is used date 
ESnTS&r Confl 3 uratto " a "° «««•» °f hardware is a 'K cos. 
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(71) {fJ©A 000004112 

(72) ^# m 

3t^TftffiK^<Df*33T§2#3^ ft 
<74)f$®A 100096770 



(57) [H*5|] 

— 1 2 d 1 2 a — 1 2 d {Cf&oTflBlf 

*t*U:*-3^-C, #figft3t*ftl 2 a -1 2 d0Mll: 

3 Oa-3 0 b^Xr<D#g§Ma-d 

*K 12a-12d £fttrfSg*ft^®lC^L/c 
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Me«aoflftft#*fitO 5 *>co 2 ^±OJSIt#«lW\ s 
v >lc Aft S IrJ £ t ft £ ct o icsv >©ffi#WftlfcB§MWs 

[tt*«2 ] ttCEJUMUBIc J: 9 #e>*tfc«rtB*ai 
■** 1 IB^OSd^go 

[■M3] Wl&tett(btg:{kmM&k&&it>Z>¥&t* s 

t^&mfett&ffl&mm&ikib&^gk&'Si* c t $ri#a 

[■M6] ttaa2*«±oflB»3fettfi, 2t%cofc# 
mi 80° Srftf 2*©flRlt*««:*tfwi:Sr«PtR^ 

■raw** 1 s <D^-rtit>*\z&&<ommmm» 

to 4 oco^g$r^^^ia±lc^j5>o^^ 



[»#* io] mis 4 *<Dmx%M\z*ti?titt$i't 

Sfll^Fffi ft<0 4 oco^:©^^tL-etv§-i2±(ci^^o^ 

£ tufc^ $r^ottria^¥® f*j coca £ j£co#m 

MMUrt ***a t -t-amta s x f* 9 teifeosi 
m*m ii] atria 4 ^:co^^3fe?ft{c^tL^^-r 

S^ffirt co 4 ocoi&g$r^n^i^i2±{c:^^^>o^ 
4MHB "Cco#KB|^S^V ^ r ^ ae> <5 #S€rffl ^. 

S££«r#afci-5»M87^i l (O^TtiMcfSM 
©WEBB, 

[m*m i3] ms, 2 *BJL±v>m»txMtt* mfemm 

tl>Z>4*<Dm%tytmt, SV>cOfR]#^B&i 8 0* $rft-T 
^ t t>^itrf2gip2F®^UT-ett^WfS9 0* ^rft-T 

8&lB4*<ofiRW3t*ftor^#f±, itrS54*<ajiMtfttt&^ 

IBX WBiCC9« Lfc t # fc, i&eSJp5Fffirt*CB& 9 0 
5 coi^-f ^icisifecosij^a, 

[§f &m 14] ttrta 4 *©A8i**«i& wwe 2 ^<om 
# b ^fc«re#«s*i** -eco^^tcs-^ v >t^«> 5 

So 

[ft£5 1 5 ] Mia 4 *omit*«i&tftire 2 ^cofis 

co^-H^i^^-r^^gco^^^^r, mria^^§is 
tcj: t)#f 5 tufcMia^^^^r-<o^^|cg<5vxT 

4 ia^tosj^g, 

[fs*^ is] fre 4 *<&Ha»#tt&tflffie 2 ^cosi 
rjT,*»Ke«<&araefce. 

[■Ml 7] Mta4^coMtt^:ffei5.tme2^:^ 
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[tt*E 1 8 ] HWB^«C>3B3t$nfc^ttdSie^rfl:-e*) 

ft, Xtt, t«rfeffi*f^rp]#^i-^— fZAtt-tzx 

ft, xtz. z^-Ty*— ftAZj-rzA 

[MM 2 2 ] it ^ 2 i td.m<om^m^m^ti h 

[0 0 0 1 j 



[0 0 0 2] 

[0003] r©«3feo»ifSReii, (a) ¥-comtt 
ssMxtrftai-^aBMrx^x^. (b) mz&stte 

^M^h<D^^(D^^t(D^mm^m^^x^ m 

[0 0 0 4l^oh-^/^r->3yit roi? 

[000 5] 

fc^Jfe^WSee^*© h — fAs*?— is 3 l/Xt£^ 

fit) wi^tc:. m&<DM&mmcmtoit 

&<DXfa&tt&\^xm^z&^fchz> 0 r^*, 

ftv\ 

[0 0 0 6] m^><0^(Cov>T. ^rtff?ll'<^^^:^Jf 
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&<D h-^/u^-r— > 3 ^Sr^Sflltco^T. Bi7 
1 8 &#J!RLTR0M-5. 
[0OO71H17H «M)|90tll 1 llCfcSH 

v>5o nssflii 1 1 izftj&zfritm&myt^M 

Snfc««***Ht, l*ojUt3HAil7WM 

ot^5, Hl7&OTl8t*3VT, 118, 119 
SK3£Ml 1 l&tf h — ^/u^^— i/ 3 i 4 

[ooos] oi 7 ic^-r <t ? ^ m@Kei 1 1 &m 
^xmi is,, n 9m<»mm*mn^&ob-*z>hz 

tell 3§r-^H i 8tCfp]tt. ^^ti i ifrt, 

*5<. JfclC, SKRIl 1 1 OfqjfrSr l 8 0° &jLX*:' 
OMIt*ttl 1 3 &&MW<Dm 1 1 9K:Atf\ £tt£B 

l 1 iA»fe^SK^©li9*-c?o®KSra!|jti-5 0 - 
18,11 9 t -C^^l^r A^l tT^l^I ^ 

s* ^ojajnsxjs, at^n-sai 18,11 9^^ 

5(£ x h-^7-i/3>4^Tlll8, 11 

[0 0 0 9] ^ojipK, flCXoMBBMi h^»h 
^7-^3yil4^^tIil8, 119RQ0) 

118, 1 1 9 mmztitm 1 1 3 , 117^^ 
fcwwu ii 1 8, ii 9<DEm&ffimz&it>z> 

«i i 8, ii 9£-eo£^r£ % StfsnKirtjKi- 
r x mx&m\z.mi is, n 9^0®^$-^$^ 

fc* f££t}fe#Jl 13, 11 7<D^fRj^^^9 7t^>(c 
tt, IsHfc^HBP 1 12, 11 6«*XU £B£#£: 



[0010] z<D£5t*mfgtt, £rt«-8il©*fcfci\ 

l«l*T*>3 0 

[0011] ^fc, sfria^coh-^^^-va^i 

[0 0 12] JMBKBU l»*Lfc£5fcWfc«*TJ& 
[0 0 13] *&mt± s ««i«5<pfi55t^#»SrS 

So 

[0 0 14] 

$>So 

[0015] ttria^i^mn. M«t*o»* 
[0016] *&ma>fg 2 ©Jfi«fc J: sai^©«:. m 

So 

[0017] *:igK<o^3<o«i«^j:sais^ett, itr 

[0 0 18] ^^o^4 0fi^tcj:S^^®f^ 
[0 0 19] 3jc3S^cD»5 0tS«UcJ:saEKafi, g(r 
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r 



[0020] ^^^eo^tcissi^g^, « 

[0021] Mno«7omRinj:d«jettSML. n 

[0 0 2 2] *fS^OJil8<Dii§mi<fcS^^»S % M 

[0023] *&m<Dm9<Dmm\zL£z>m®mmn^ m 

[0 0 2 4] ooJ&SSKiaa^fgl*, 

[00253 *$s^<Dmi i<Dmm\c£z>mz£mm&. 

[0 0 2 6] 2<Dl^^J:-5aff^gtt, 

[00 2 7] *&W<Dfg 1 3 OJHtllCfc 



vv&fatasfci 8 0' *r*i-fctt>lc«HB»Jp^ffiK:» 
UT^^tb^9 0 c Sr*-J-2*<ofi8|**tti:Sr*^ 

[0028] ^^com 1 4 (Oiii: J: *MEKStt % 

[0029] *$&§ncosfii 5on^ci5aosessi±, 

i&fSMl 3X14*1 4CO|i^|cfel>T. llttlB4*OfiR«- 
*«&imffi2*©M»3t«^*tt^^rS 6 0(0 

[0 0 3 0] «fBo*i 6 0lMEK:J:*HEXCH:, 
W^Clo'i ^#a6 Z^m&mtLIt *><DXh 

So 

[0031] 7<Dmmz£z>mmmmtt, 
m^mi 3^*1 6<D\,^-rtifr<Dmmiz$>\,^x. mm 
4 *<DfmyMRxm& 2 *<omtt&to\z*ti?titt& 

[0 0 3 2] SO^fciSMgEWH^ 

Miami 4^mii 7ot^m*»©i!6«ic*jv^. gfne 

[0033] *&m<omi 9<Dmmz£zmmmmt*. 
mmmusmmi sw-rMwwmiz&fx. mm& 

t h 1 &<Dfm%M&<£^ mwMts: <t^i *(ofm 
3feiftorfij#f4. mns2^±o^M^ofp3#i^bT 

•f Hd^c^i-^^ffB^^ < t h l ^cora^^o^W 

[0034] *&m<DM2 oommzzzmftftmmm 
^ftizm^zmfe<D&m&i??mftnmmmx2b'D 
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[003 51 ^^2 Kotmizxzmmmmte. 

[0 0 3 6] **WO*2 2©tB«|cJ:5 h— 

h-^/u;*^— > 3 y-cfcor, itrieteo^jfc < t h i 

[0 0 3 7] *»W©»2 3<Dtt«lCj:5 h-^^^ 
[0 0 3 8] 

[0039] _ OB i con^co^li] 

[0040] am, *&m<Dmi(D&M<DMmiz±z 

^t«IJS7o- h B4I4, *mM<Dj&m 
ia5i«gi l£J:*irart*frRHi-*fc#>0R 

[0 0 4 i] *MoMKfc:j:£MgMti l hi- 

Rim 2 tC^-T «t 5 (C, 4 *£>J8Utotetti 1 2 a - 1 2 d 

JRJttfettl 2 a - 1 2 d 



1 3 dX~m&tSthX^Z> e 

[0042] *$m<Dj&mxtL tmsgm#&x 1 3 

ate, MLED^U-f^TOfHa^ 
^15ah *Nfe%¥X 1 6 a fr. $7-17 

^-7 5^-1 7BMil«ftt¥Xl 6a$:gt 
M£f#i&l 2 a fclJ&o-CJIMtSixS. Z<Dm&tft&fm 
3t« 1 2 a <^3^±lC#&^£$]5£*fg> (|g i 

■ett. I30a) Tffitf**^ «bsitjfc3^ % Mlt^ffe 

1 2 a l^otI5 , *MX#m 1 6 a Mt/>-7 $ 
7-1 7alc:j:0Sit$n>t»c56**^-i SafeiD 

[0 04 3] *HM3Hfctt*¥X 13b-13c hMWl 

m&myt^m 1 3 a £nwfc«M£$*u osassftife^ 

X 1 3 b ttmriaH^ 1 4 a - 1 7 a tC#J5&^-5H3(5 1 4 
b - 1 T b «r# U flWaBMrXM 13c ttttriB^iSf 
1 4 a~l 7 a|C*ttS-9-£XXl 4 c-l 7 c£^U 

ffiSUSBSft*^ 1 3 d ttffifla£S 14a^l7afc# 

^■f-5^^1 4d-17 d$r*"LT^*. 

[0044] ^njso^igi^tsag^e im N 
^tzm^m^mcDmz, ^mmm^m^m 1 3 a~ 

1 3 b^UT*tL^i^*K»ft!|«iS:^5 t^tjjcs 

*aaSrtT5«-iBJSiJtea-ffift»2 0a^2 0di:. IftffE 
&5 2 7^e>©»*^JS:«PLT#«BiJ«i3ffi • ^®jg5 2 0 a 
— 2 0 d SrttJSifi|«li-5 <t t fe(C#{BSi]fti3S • mm& 2 

0 a —2 0 d^b^feHSratJClS^^TRjCf 5iSW 
if ^rtr 9 SHfiMfp • WBff 2 6 t , 

Jig^2 9^o^®$ptc^:ite>^^rv^So 

[0 0 4 5] R9J«H • ^SlSP 2 0 a «U ^x.f^CPU 

^/Ha«8#-C««$H5«rra»3ei5i|»2 2 a t. ftltm 
^1 4 a S:Ki6i-a^3t^Kl&lHl«S2 3at, 
■T-l 5 ad»P>^>g3tf&-&*'it(Bi-Sii«lHltt2 4 a £ % 
*i*B$*tfcS3fc«-§-S:A/D«!ft-rSA/D*l!»2 5 

a<t. $rtLTv^5 e m&mm • ^asas 2 l a ttu SEIS 

$r^F^S)^lU^2 2 a lC^x.6 e WWtB>2 J 2 a 

^<ommmtem<f§r\z&®i*x* &3tm*mw}ts\9& 2 
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3 a *ft»§*T*#** 1 4 a £35ftc*i^ 

1 2 a fc»oTJRJtt3fe*ffi»£-frS. S3t^ 15a^ 

tt, ttd[E]g&2 4 a-Cit^^ixMlCA/D^ 
S§2 5 aTA/D^$H^C, ^SJ^®^2 2 a 
«CA^$tt6o B#^^|p]gS2 2 a te, JW3fe<D3g}fcB# 

9MMP • 2 1a tC#^5 0 flSUMW • 2 1 

T> Si^gfE 1 1 0flH^£oa>&fll4ijfctt 1 2 a (DM 

£>So w<D^«a tt, fiSfJ^3Si2I&gp 2 0 a d>e»IN6M 

m&2 o b-2 o dh, wij&Litmm%km-mmu2 o 

10 0 4 7] J&tofeWl 2a-l 2dtt % 2V^(C^5 

tW*IS©SWffirti:44^ fi&ftftffti 2 a co 

«-Y^^$H, Ht^l2a-12d^#|i^ 
iSS*g¥®l*n? 9 0 ' ToOfcamiHfcftoTV**. * 
fc, *^*0^tBTtt, Mftftlfcl 2 a £J&lt*8ll 2 

[0 0 4 8] #»ft<DJBI6-cri, ^#2 9ttifcfir«j6(C 

Yz^gD^r^rt^^ ^#2 9<omi tp<D^mm<DW 

&i T, Mttftlft 1 2 a ~ 1 2 d ^Mf* 2 9 tf)*f § 
[0 0 4 9] ^HJfeO^ffilCiSSIE^Iill 1 60 

[0050] *mm<Dmmiz£z>m&mmi 1 
i &mft\zm%, m&xmi 2 a -i 2 d^ 

^O^ad^^i: 0 a -3 0 dlC*tLT^ 

*>So w<E>£^ W5fiLfcJ:3^Mlt*lBl 2 a-1 2 
dtf*Mtt:2 9(D^i~S<l!l®^^tt^ixiE^UTV^-5cD 

09x1*. If & 2 9 <D 1 ocO{ffif® ^ l oollijf L 
ft<DM3 0 a -3 0 dlC#UT*JXiF*Ht*fcaiiB:-C*> 



W.Jjft-ehz>i>(Dt U SVMcMf«I^-5^3 o a, 
3 0b&^TOT^^ 2v^*frGi1-Sft3 0 C, 

3 0 daS£lMd¥fTT-&9, 113 0 a, 30bi:l30 
c, 3 0 d£ttH£L-CV^t>O£i-5 0 SJ^fiii 

[0 0 5 1] @llC/Tt<tMC-, I3 0a-3 0d|:i3 
ll5M&bfe|& 1 2 a — 1 2 d Oj^±<^£^;h,^ix 
A, B, C, CftbO^flM^&OirOW 

[0052] mm&tK heswi i^^<ox^^mm 

ttjgffigffl . &l3s*b 2 6 te, roa^icis^ur. # 
mm&m • iEi&sjs 2 0 a - 2 0 d ic^ix^thm&mi&m 

&tt3U£LS • ^lb^2 0 a — 2 0 d{j:, C 

M^Od^#i3 0 a-3 0 dO^A, B, C, D 
«T*0*SKa - d Sr-ttt-PixJKISWJftf • 2 61: 

mts-rz (@3^7y/si) 0 jKisftgnn- 
&mi$ 2 e ^ x ©suftis . 2 0 a - 2 0 a.^is 

[0 0 5 3] KSftaW • 2 6 WJfeiS 

•^1&SB2 0 a -2 0 d^t>#®Ha — d^e>^5 
^^a-d^g^>T, ®4^ < ^ : g : ^ GH JK 

3 ^O^-r* 

S2) 0 ^^GHJKfi, ^CA, B, C, DEMIES 

^^A, B, C, Dg^-C4)5 e ) ZZft^iV&mi: 
i^^, ^o. Ltl^M (2 

[0 0 5 4] 

1^1] Ll = a + b 

[0 0 5 5] 

[^2] L2 = c + d 

[0 0 5 6] Jfclr v?, te^ffl • ^SSD 2 6 ti. 
a-di:l^^ fMGHJK(DMG, H, J, 
KOft*frffi«&, ^tii-rS (i3^T5/yS3) 0 

-ix^coiS^oXYM^ (^o^^^^t-^J: 

V\ ) \££Zftttmmt*. G= (-a, c) , H = 
(b, c) % J= (b, -d) , K= (-a, -d) t 

[0057] -^o^, m&mm • ^ssc 2 6 « v 
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a — dtCg<^T, ^3l:iOIMGHJKOl 
[0 0 5 8] 

[&3] P= (a+b) X (c + d) 

[oo59] mmim • 26it ^ y 

L2, ^^^^s 3T^m^tt^#}i 

^G, H, J, KC9*S*fj&;gS x ^yZTSAX^ttiZfr, 
5) % -^Oi&^§r^T-rSo 

[0 0 6 0] 4^_bffteg Ufc»ft«"Ctt % t&Ll, L2 

t&x%, ufc^ox> ^oMi^^rmm-efcao 

[0 0 6 1 ] #J;tfcf N JfS4t*te a - d S 

^icstfit 5 1 $ fl^ atria 1 a* 

[oo62] mm Ltzmm<DMm-?te, mmytto 1 2 a 

-12 dfiXY3Fffit¥«3te3r3eoSJP¥ffirt^* 

*K #J8lt#ttj 1 2 a - 1 2 d OjffiS±«C««llS^O*S 

Mlt3te«Il 2b-12 dfdO^Tkl^-e&So 
[0 0 6 3] *ft x AUtXMl 2 cCDfpJtf*, 

tpV^Mc' X~&Z>&, c* • cos 0 1 = c Ogi^^J^ 

s„ ft**. B5ttB4i^t5awa-e&5. esc 

picMttfc^tf), 130c ^43«-«flRlt*ttl 2 c<D 
±X<D&MX&Z> 0 

[0 0 6 4] RBKfc, «^Wf. JlUtjfettl 2 cCOft£ 

m&ium • ^1^2 0 c frz>m&\%. 

m6*P<D&m c n T$>£>3^ c" . C os0 2 = cCDg§£fc 



5o rase" i± % «l^iE^o^^^c ,, *x<Dmmx&> 

[0 0 6 5] R6lt5fettl 2 c<Dfa$te y ®5\Zi7jk+£5 

+Y^rpjjr^LT^E^fp)tcM»trt>«tv^r 
zpz fctt, fibofiRit3feWi 2 a, 12 b, 1 

2 a~l 2 d^gg^o^3 0 a — 3 0 d iC^rfr^h,^*: 

js-rs j^m-^m i2a-i2dtt Wrfevmm^m 

ftltm 1 2 a — 1 2 d ^rf^ia^Jp^®^^ ]^1t t # 

[0066] tzzx^ m^L,ft^m<ommx^ ms 
m7\z^xo^mmik^mmi,xh^\ ^<d 

S 4 ^«^i-^#^Srft^«t£j^©^^t>ag^# 

c0 3oco^J[SrA^T-#SJ:p^bT^ltrfJ:i.\ ^ 
[0 0 6 7] £JlJiW:2S^i-^^Srra^^^4§^jco 
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[0068] &,±<ommxn. *rnm(ommiz£zwE. 
mm 1 1 £^rttfsi^@£ irxm^zm^zmicmf x 

[0 0 6 9] cm 2 <Dmm<D&M] 

[0 0 7 0] 0811, *^(Of2^I«iias 

[oo7i] ^mco^t^j: zm^mm* o tm^m 
ntna^ i <omm<ommx^ &m&%M na-i 

2 d LX*tl?timimg:{Sft¥3k 1 3 a - 1 3 

dRXjmSmm .• ^1&$B2 0 a~2 0 d^tfibftT^ 

— ^ 1 a — 4 1 d SrJRJBi- 

Z>Zb 9 . ^S{&**3R&U%yffi • ra&SPfCli LT 
#JBU*3fe«l 1 2 a - 1 2 d ICS* UT*ii{b«raofe^-C 

a ~ i 2 d o^tt##g§§£U3: x ^|5^ i <omm<om 
[0072] *mm<ommx^ 4ooi«*tti 2 a 

-1 2 d «rtto2ttft%¥Xtt. ^tilofooig 
3fc3HPl 4&C^^l 5 ttri2^^-r :y^4 1 a 
^41.1^ »*3fc**l 6a-16d^ 'n— 7 5 9 
-17, 4 2a-4 2dti^i«$iXtV^ 0 
^Fl 4^^UcI^H:, a-7$7-1 7Sr»3gU 

^7*7-4 2a-4 2biaot40(DM 
(C^^n, ^H^tt^3fe^^ 1 6 a — 1 6 d &mx 
1-2 a — 1 2 ddf&ot, ES£t£*x<5<fc pfc: 
^^t^^o #H8lt;ft«l 1 2 a — 1 2 d <Dm&±l£&& 

MIK:^-:7*9-l 7T-S#t£tu £3feSry-l 5 in J: 
^3fe^^5ipl:^oTV>$ 0 ^yf4 1a-4 

[00 73] *nm<DMm\£ xzmmmm 4 0 n % mm 

I&0&2 3, ff*gle]S&2 4&tFA/D^&§g2 5 b. m 

2 ^O^gtjftjfti - ftMU 2 1a At^ftSftOffl • 2 
6*c«^i-6«t61>»*«FO*y».ftia«fU2 0i:, 3fc* 

5/^4 ia-4id zmm-tzyt^ -y^mwm^A 

3 b. £iix.T^S. fflflp • fcffl* 2 0 tt. #I;tkf, c 
7&tf^^$i5 2 8 €r^TUTV>So 

[0 0 7 4] ffi|ft-fty£ft2 0tt> ^^J2 7frb<om 



3S:^LT, 3fe^-Ty^4 1 aO^£^|ft|;:§fl£{& 

<dk*4 y=f-± ib-4i &&mctt#:m{z*rz 9 

J8£t3fr&l 2 a<0^feBMt3fedSMtt$*i^ £ 
*v «Fra«S@K2 2I^J: 9flMt*«ll 2 a IdffiofcfiS 

a*B2or±, rossra^icis-^T. if^t4o^i 

[0 0 7 5] ^fd. ffiftl . ^31g|5 2 OJi, 
lb, 4 1c, 4 1 d0 1ofo^^I^{ci 

2c, 1 2 d <DJ£&±\Zfc&'$-Z>&mfett&?LX<D&m 
b, c, d£r, m^*^ 0 

[0 0 76] ^T^li a ~ d f>tl$ t , fflW-m 
1^2 01^ i34 3 C0^TyyS2-S5^Si:^C 

[0 0 7 7] J; jh,HT, ffiffiffg 1 OHJgO 

^^-hJCl««Syt:^>ry^4 1 a -4 1 d l£ft:b5#; 
[0 0 7 8] [« 3 OH^O^Ii] 

[0 0 7 9] i9lt ^©i3 0HIOfiia5 

m i *<owmbm-xt2.ttfo+z&m\£i±m-&*t$:tt 

[0 0 8 0] ^H2£^^{cj:5S]^g5 ofrmtzm 

(ommm&feyt^m 1 3 c , 13 dRxtmzmm • ki& 

SB2 0c, 2 0d^^i ? ^^ /> 

[0081] &mm<DMmxte, m&mm • ^sgp 2 6 

fix {SBU&k*! • mW}& 2 0a, 20b^b#l©ia, b 
^#6tL^<!r. Bm<V&m (=a + b) $r^fcB 

[0082] *nm<Dj&m\z xtuz^ 1 soai^i^ 

ii*tfRji-a 1 *f <DH 3 0a, 30b m<D&m ud^^~r 

^7-*>g^lKi3 0a, 3 0b^O^M$r^l^ 

^s^tcit^r. m&mm&m&izmfeTzz b&x 

[0 0 8 31 *1110^^91:, SI^g5 0^2 
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fi, 0i*co^ 3 o c, 3 o d*-e<o#iaic, dt>'& 

w^Ttt, me* i <Dnm<Dmm<D®& 
tmm\^ awa-ran, L2, #h^g, h, j, k 

i <Dmm-?h a b 201 <->wj£t*> 6 ^(D^ 

ItBmi, L2, ^H^G, H. J, KOft 

[0 0 8 4] ^i«iia§^ i50<D 

[0 0 8 5] [f4©HIOfi] 

[00861010 tt, **WO*4 0HJfio^(g(c < t 

[0087] «nko»tt^«asiic 6 o^iss* 
KomMvMmizxzwmmmi i tuft^i*. «m 
i^ft3t^ i3b, i3d &vA£y«Q.a • mmn 2 0 

b, 2 0d^9^, Ztilzm^miGMm - *MM 

[00 88] *^«O^JB-Ctt % i^^d^I . fesa 2 6 

tt* fl#Jft« • MAS 2 0 a , 2 0cH#f|a, c 
a s #£*l3fc % ^A, CP*g<£>^ (= ( a 2 +c 2 ) 

1/2 ^IWU ^A, C04a*f-M^$r^ffiL, rtb 

[0 0 8 9] *^«so^ffifc:j:^^ i @c^^f£-e 

WfRlt5lW»3 0aO^A, ii30c^Ct 

©ROE! L**«t5 - t ist.^ tt*<o«re 

[0090] *mm<D&m<D£o\^ i^ i60 ^ 2 

*<0J»*t3tett 1 2 a , 1 2 c U#fc*V^tfco-C 
fc, 80^fi6O£01 0^-f-ffi©^P>Ztt£Hl??^l 

so- i^t^^i (CLT , t5iian«o«i*t 

fr^tf. 01*<£>I£3O b, 3 0d^TO#©ib, d 

m&tmuz % mami, L2. #-*£g, h, 

ft l @ B 5 £ 2 © S S J§ 



WW^T, ttCTttfeLl. L2v#mXSCG, H, J, 

[oo9i] ft*j. *3W©^icj;aj|gfggtt6 

[0 0 9 2] [ft 5 OlgttOJgg] 

^^m^m^-twtmmmmxh^ 01 ik**^ 

tt, *^*^«Jci5aaEKfi7 0lcj;««Jtrt«tSr 

awi-^fc^offtMH^s. 0i3«. *$m(Dmm 

[0094] *rnm<Djemizx zmm&w: 7 0 <om^ 

-c .0 1 1 nmm 1 3 <om^ 0 2 t#it5 e 
[0095] *mi&<Dmmia:z>wm&w:7 o&mzm 

1 2 a - 1 2 d Otic 2 *©Ht3t«l 1 2 e , 12 
f&tti&k* (i i) 5£§HSjfc^**s, {@SiJ^ft3t 

i 3 a - 1 3 d <om^ m&wtmi i 2 e , 1 2 f i- 

^020W|SSlji$j|^ 1 3 ei 13 f (0^& 
•f) &*f-r&J&t. (i i i) ^3fettl 2 e, 1 2 f 
\Z*tl?tlMf& LTflSUm • ^t&S"2 0 a ^f^-o^ 
2 OOffi^I • raftft 2 0 e , 2 0 f (0^ 

■erf) ^aaisn-rv^sjfe^. ( i v) mmm-KM 
[0096] *rnm<omm-et±* m$t%Mi 2 e , 1 2 

f tt, Mlt3fclftl 2 e^f^#d5+Z^fBl s mtoftt&l 2 
f <^^#^-Z^|Blt^SJ:5^ Wt*ii2a-1 

Mlt^fett 1 2 e , 1 2 f li. ai^© 7 

[0097] ^(c, *nm<DMmi£j:z>mm&m7 00 

»-^!:o^T, 01 3Sr#^UT^-f5 0 
[0 0 9 8] ^x.^ N *3te*«->»«KlJ:«aiEKff 7 0 
«rfflv^TS[rtfmi«rfT5»*^r4 % 01 Uc^-fi ^ 

affi^®7 0^rtJcS§: % 1 2 a - 1 2 

f &Mft<D&mfett&± LTOI3 0 a -3 0 d, ^ 

pi-, Somalia 7 0Of^#Sr^^ o -co 
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<Dmm~v\*m&yt$& 1 2 a — 1 2 f 2 9 

^^^T-#5o M#2 9tfMo(D{Bffi£:lo<D 

2 f &mft<Dm3 0 a~3 0 d, ^#3 0eSW3 0 

fT-c*>*j, s:v^iz:#ni-dft3 0 c, 3 0 d^svN^^p 

^TT'feO, ^#3 0 e <t#c3 0 f «t ^S.^\C^f^h 
^i30a, 30btl30c, 30d,tfi^#30 
eW^3 0 f titttt^tlW:&lsX\,^Zh<DbT%o 

[0 0 9 9] Hi 1 IC^nTJ; f30a-30d, 
^#3 0 eM^3 0 f iC&rtZm&ytMl 2a-12 
f Ojg^±^Sr^tL^*LA, B, C, D, E, Fti- 

5 0 ztib(D&£mmKAot<Dmmz, m 1 2 id^-r 

[0 10 0] S|je#jfls, EJS§^©7 0£ro.fc 

issij^si • mmu2 0 a — 2 0 f ic-en^tb^i^^ 

^£r-£;L5o 3-f©SU#kS • 2 0 a — 2 0 f , C^t 

fe©asK§B^^{-ic«bTii(r3^ufc»f^srfTV\ aha 

1^0^13 0 8-3 0(1, ^#3 0e&t*i£3 0 
B, C, D, E, F^W^^la-f $r 
^ttl^thmfefflffl • &3SSB2 6 Idtfo^-rs (Hi 3 

^^si i) 0 tHsm--u«2 6tt % (g 

glj&g . ^®j$52 0 a — 2 0 f Srl^B3M£fl£l6$-g-5 J: 5 
[0101] Sfclgffclfti • #k31$j5 2 61*. WRIJUI 

•^I&gP2 0 a — 2 0 f d^#^^a — f ^#^tt5 

RSTUW(0#220tj£Ll, L2, L3!rltlit$ 

(01 3*(DXTvZfS 12). H^MNQRSTU 
Wli x ^CA, B, C, D, E, F £r#® JblC^, />> 

3rf£o, A®frefc£ 0 #iB<D^*Ll, L2, L 

[0 10 2] 

[&4] L 1 = a r b 

[0 10 3] 

[&5] L2 = c+d 



[0 10 4] 

[££6] L3 = e+ f 

[0105] RV vC, ffi&mW • 2 6 (4, #8§^ 

a — flcX^T* S^MNQRSTUWCDMM, 
N, Q, R, S, T, U, W©*»l*«r, »ttii"5 

(HI 3^7^S 1 3) . rtL^^H^COXYZ 

tt % M= (-a, c, e) „ N= (b, c, e) , Q = 
(b, -d, e) , R= (-a, -d, e) % S= (- 
a, c, -f) % T= (b, c, -f) % U= (b, - 

d, - f ) % w= (-a, -d, -f ) ^lt, mm-t 

[0106] *r<7>&, m&«J«i • 26(1, 
a-f KS-^-C, *7-»9^J:5, ««MNQR 
Mf^S.TUW©ffi8Pl, S^RMSW&tJ^ 

[0 10 7] 

[£fc7] P 1= (a + b) X ( c + d) 
[0 10 8] 

[&8] P2= (c + d) X (e + f) 
[0 10 9] 

[f&9] P 3= (a + b) X (e + f) 

[0 110] gft£f|ff« • %mU2 6 f± % #8Ef£a 

~ £ twS<5V^-C % &<DSl Old*!). I^MNQRS 
TUWO«:avtrffWi-5 (in^r^Sl 

[0111] 

HftlO] V= (a + b) X (c + d) X (e+f) 

[0112] tHsam • 2 en, ^y-y 

7S 1 lXfflfe£tlfc&&ma~~ f . 12t 
£ffi$nfc^fi5fcL 1, L2, L3, ^Ty^SlST* 
W^iX^l^Tl^M, N, Q, R ( S, T, U, WCO*B*t 
y^S14TWi$iifcffi8[Pl f P2, P 
3, ^ry^S 1 5T»tiJ$*Lfc#afVSr % ^flS2 8 
t^^£it (Hi 3 co^v" ^/^S 16), — JgcDl&f££r 

[0113] «Jiaw ufciai^«T?fi, mi, l 
2, L3»i(D^ <Dmtmt3z#m2<D^& 

€-ii^:m, n, q, r ( s, t, u, wco^ 

femm (jz&mm) . siP2, ps^-^^-^ix^®^ 
-efco, &mvi>mm<Dmmx-hz> 0 ^mm<omm\zx 

So 
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[oi 14] m&i,ftmm<Dmm-?i±s &imyttei 2 
a-i 2 dcom&±izmmi%&ofch<otci!)K *&mt* 

<Djjfal£?tiX\,^Xh±\<^. M|f)til2b-1 

2 f iz^xhrnrnx-hz. 

[0 1 1 53 stc, ttriaBi <omm<Di&m<DWr'g-tmm 

;frftK<gttT*>iv\ Z(D-tn, <&CDM#t3t^l 2 
a, 12b, 12d-12fl:oV^t^fo5o 
fc*U fi&H-ft$fc 1 2 a — 1 2 f i>m 30a-30d, 
#3 0 e&lfl£3 0 f ICttm^fc^^imil Ht« 

a ~ 1 2 d £ftfriBffiSS¥®|£^& Lfc £: # tc, fdiS^ 
¥®rt-CB&9 0- To^^Ri^^ M#3fc&l 2 
e, 1 2 f H\ SV><0[rI$:^B&i 8 0" £r#1-£ £ fcM 

itri2g^®(c^ur^H^ixe&9 o- 

[0 116] <JrC^-C, M^Ufc^o^-c^. 1^3 
^^^^S l 2~s 1 5KBraLTffc9!LtfLJ:p 

s i 2-s i 5Titt6TO, i^r ishm^mzm 
[oii7] £x±<ommx-i^ *mm<Dmmic±z>w& 

[0 118] [|6©Hi©f|] 

[0120] #mm<Dj&miz x z>m&&m s o *m 9 \z 

14, ^l2m3co^|fe^^-c«:, MMfti&l 2a, 12 
U *^6£<^jg-ett, fi^t^t^ 1 2 a &m&%$& 1 2 

<t p ^^$^ x Ha£t3fr& i 2 a ofpj# &mmm& 1 2 



• &im2 6 J*, Rg|+3fe4ft 1 2 a tC^ofcffi^^^T 

[0121] mktlttei 2 a<or^#$rikttii-dAftMtt 

5tLtt>J:v> 0 

[0122] ^Hife^ai^itvW!, Bfri2^3^H^C0 

Mtekia&tDm&tmbti&fc fm^t$hx 2a^^ 
t>mfex$z>fj:k\ fft&m3<Dmm<ommizit'<x&& 
[0123] irta*3-©iiifio^*«:asjgur* 
-rm 1 ^>^o^^>ia 1 1 j^t-m 5 0^0^^ 

[0124] m7 <om&omm 

1 0 1 2 5 ] ei 1 5 f* x #3&9iofS7 ©n^iia 

tr£>5o 11611 01 5^1 0 0-1 00* 

[0 12 6] ^^^icj:^ h-^f-Vay 
9 0tt, HJJP91^ ^91±|^t^^92 
<b$:il^T^e o W9 2ft 9ff 9 3^:, |||fp 9 3 £ 
TkSpttS »3 IwlHl^ RTtg(C^i-5^gP 9 4a, 94b 
k % 9 4a, 94b Sr&llttifH] »9 tCtHl^ig^^ 

m^9 5^, tLTl^. 

[0 12 7] 2l^tt, «J(I*^^:, IS 2*0)1® 

su^^ft^^^ i3a, i3b, osij^s • mmu 2 0 

a , 2 0b, ^*£»lp • &im& 2 6 . ^f^lfP 2 7 RXfm. 
2 8 <t % 1^9 3 O^^P 9 4a, 94b fC^i"^) 

a, 9 4 bO-<— ^^M-r^^MlHl^OllI^I^ (tK 

flg^iM*) ki>K &&ZtiT\,*Z> 0 

[0 12 8] mi 6X\t. m2*P<D&fefflm • AQ:3S^2 
6 , fggU^S • 2 0a, %]tm* 14a, gjfe* 

^15 a^T^/^— 7—1 7 a(0$g^$r. ^-^9 6 X 

7 a 6 a^O^IC, »jt 

1 4 a **6ofiait*«rffi(tf5 ^ <t <>(c oT«^$r2| 
i§-^S4^te$rW-t" Z>y^( ? n^r ^ 7—9 7d5^^fiE$ 
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Ba s *r«Jtttf tbixT\,^Z> Q r*ufcJ:!U ^3tf 1 1 6 

**tt. *MMfc*3Rl 6 a tM^Xi9 8 

ffit^£*f/£LTV><5 0 Il6^9 9lii)| 
#^Bl$r^bTV>5o EtTaS L*:^£9 6-9 7&tf 1 6 

i 2 a ^ibtK^ip] t? <oiii4E&tmiafi&s:«i[Ei 9 <d 

[0129] 016 "Cli, 0 2 >P<D«giJ*Gg| • & 

®J$fS2 Ob, jfc##?-l 4 b, 5 bXlHA- 

7 '7-l 7 b <D£iS#£ v 1 0 1 -eft* LT^ UT 
C*L*><C«5&2S, @ l 6 IC^-TJ; p (c, ^ 9 
SttttZ&mZtis m&ytQ&l 2 bOft^fi, -<-^9 

[0.1 30] fc*5, @i em i«2 7AO«7« 

[0131] ^mkomft-ett, 1 0 

2ottfltffi*©«je^*scor, > 3 ^ 

9 0(O8WK«rS!l^<5g > <O|i^stftf^tt2 7^e>JKJg 
MfP • 2 6 £>;h,£ £ % ftj&ftjttl ■ ^3g^ 2 

6tt, msmm • ratt«s2 0 b \zmmm&&j*&z> 0 m 
mtm • 2 0 b fi, sfriam 1 (omm^mmcom^ 

b ft \,\ F^;w-> 3 y9 0OM 

[0 13 2] ftti£#j6Sgg$s g 3<Dfo#£r®j;£*j^ 

1 0 2Sr«mi-*rflifr^#*?^ &®M^oa!ij£§g*&i 

❖S:»fWP2 7 a>e>jfc$gf&W • MSSM 2 6ic-£;t<5£. 

*fl£0J$) • 2 6 te. <@5U*&3® • 20aCi 

m^&-$-x.z> 0 flsuwa • wrnuz 0 a i± % mmm 1 
2&T?<Dmm&&mmw • mm 2 e 

¥ A KJB &i> » e> A At/4c7A £ £r * fr^ix^ 
#i"<5. IT, #c*£f&W ■ *&3g$s 2 6 Ji, Hfti£oj; 5 

x. m&mi o 2*>mm**mt*. ^ 

MM - ftHff 2 6 ft. 5fe»c»^$ixfc««i5^ffiv^w 
irtcj;»3 x *Lh©M^&Sfl^LfcW®^i o 2© 

fe*SB2 8 \Z^^£tvZ o 

[0133] *mM<omm\z *.ti& % m& u*: .t^a 



[0134] LfcfR 1 7*rMSfl 7 OHlfi©»tt*C*5V^ 

[0 13 5] JW_L X **Wo#J|JS^t6^ov^-c»iW 

[0136] fSKomm<omm^mmvxm2<o 

[0 13 7] 

[0 13 8] ^fc, **Wci*ttf. ««i^<DjBy^(C# 

[i3i] ^wosBioms^tttc^sai^asr^ 
tmmmwib \^xm^ft^<om^<om^m^}\^ 

[13 2] ioXlk^«llci:6«EKItfr^ 

-tmm&mx&z. 

[i^4] *i5M©»i<oiijfe^j|jc 4 tsaii^efcj: 

1851 H4ic^i-6aMB|-Cfe5 0 

me] ®4i£ttj&-tz>4k<D®,mmx$>z> 0 

[®8] *^O^2C0H^<7>^|C < t5Sl^g^ 

[010] ^^com4 0H!£<D^frj:5SI^@«r 

^ftnmmmt ^xm^itm^<omm<om^^m^mc 
[iai 2] *&m<Dns<Dmm<Dj&m\zj:ztiQ&mmz 



-13- 



[®i s] *¥&m<Dm7<Dnm<Dmm\z£z y—*>\,* 

W16] 015^1 00-1 0 0' ^(C^ofc^f® 
[Hi 8] $£&(D h — ?/lsXy^—^3 l/\Z£Z>mfe<D& 



1 1, 40, 5 0, 60, 70, 80 
1 2 a - 1 2 f JUf JIM 

i 3 a - 1 3 d a3Bua»flrx*x 

14, 1 4 a - 1 4 d JftX*?- . 

15, 1 5 a-1 5 d 

1 6 a - 1 6 d tt4fe%4&3g 

2 0 a — 2 0 d flJBUffil • ^IbSB 
2 6 ffifeMffl • *Q;3ggB 
41a-41d 3t^^T V s ? 

9 0 ^yv^y 1 — ->3>- 

9 8 ^SMU^X^ 



[01] 



[02] 



9 30c 




[@3] 



( ) 

*ffi»8.b,c.d<DfflS SI 
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#) 2F112 AD01 BA02 BA05 BA10 CA06 
DA02 DA09 DA30 DA32 FA03 
FA07 FA45 GAOl 
5J084 AA04 AA05 AAIO AA11 AB20 
ACIO ADOl BA03 BA05 BA41 
BA47 BB24 BB31 CA03 CA49 
DAOl DA04 DA07 EA05 EA31 
EA34 
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